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Plant Operation 





PRACTICAL APPLICATIONS OF PRINCIPLES OF 
MODIFIED SEWAGE AERATION * 


By L. R. Serrer, W. T. Carpenter AND Greorce C. Winslow 


Principal Sanitary Chemist, Senior Chemist and Engineer in Charge of Jamaica Sewage 
Treatment Plant, Respectively, Department of Public Works, 
City of New York 


Modified sewage aeration is a method of operation ‘of the activated 
sludge process whereby sewage may be treated to any degree between 
plain sedimentation and conventional activated sludge. 

The fundamental principles of operation involve the aeration of 
sewage for shorter periods and less quantity of active biological floc in 
the aerators with the expenditure of less air than is used in conven- 
tional activated sludge. In this process the aeration period may be 
one to four hours and the weight of active floc returned may vary from 
a fraction to roughly 4 times the raw solids, depending on the length of 
the aeration period, the ‘‘strength’’ of the sewage, the amount of air 
used for aeration and the temperature. The aeration tank suspended 
solids are usually held at less than 600 to 800 p.p.m. 

By this method of operation studies indicated that a dense sludge 
with qualities between activated sludge and primary sludge may be ob- 
tained, that the process is free from sludge bulking difficulties, and that 
a substantial reduction in the volume of air for aeration can be achieved. 
From studies (5) made of a pilot plant at Wards Island treating a con- 
stant flow of primary settled sewage it was predicted that for a two- 
hour aeration period at 68° F. the average of suspended solids and 
B.O.D. removed would be 72 per cent for aerator suspended solids of 
200 p,p.m. and 80 per cent for 400 p.p.m. For three hours of aeration, 
the average removal would be 79 per cent for 200 p.p.m. and 85 per cent 
for 400 p.p.m. aerator suspended solids. It was appreciated that the 
aerator wall film consisting of stalked ciliates, aquatic earthworms, and 
associated microorganisms frequently equivalent to 100 p.p.m. aerator 
suspended solids accounted for part of the promising results. The 
need of large plant scale experimentation was evident. 

On September 28, 1943, the new activated sludge plant at Jamaica 
with a sewage flow of 35 m.g.d. was placed in operation. In order to get 
confirmation of pilot plant studies it was decided to apply modified 
sewage aeration at the plant, at least during the initial stages, to deter- 
nine treatment performance and power economies. Fortunately, the 
size of the units and hydraulic conditions at this plant permitted the 

* Presented at 17th Annual Meeting, New York State Sewage Works Association, New 
York City, January 19, 1945. 
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study of short aeration periods and low aerator solids with minor 
alterations. 

It is the purpose of this paper to present the results of the applica- 
tion of modified sewage aeration at a 35 m.g.d. plant over a 14-month 
period and to compare the results with that of the pilot plant studies. 


OrHer STUDIES 


Some practical studies on aeration approaching the principles of 
modified sewage aeration appear in the literature. Many of the earlier 
studies were incompletely reported, primarily because nitrification was 
considered important to purification and a crystal clear effluent was 
desired. 

Hatfield (2) reported the experimental operation of the Decatur 
sewage treatment plant in 1931. The sewage was aerated for 1.85 to 
2.66 or an average of 2.54 hours with a clarifier return flow of 3.9 to 22, 
or an average of 9 per cent of the sewage flow, to yield an aeration tank 
suspended solids of 190 p.p.m. Air was supplied at a rate of 0.35 to 
0.85 eu. ft. per gallon. Very little sludge accumulated in the clarifier, 
hut the moderately strong Imhoff tank effluent B.O.D. was reduced 20 
to 45 or an average of 32 per cent. 

Anderson (1) reported an aeration period of 4.75 hours and a yearly 
average aerator suspended solids of 733 to 891 p.p.m. During five 
vears of operation prior to 1941 a reduction of 71.6 to 82.8 per cent of 
the primary settler effluent B.O.D. and a similar reduction of the sus- 
pended solids due to aeration and settling was achieved with the use of 
1.8 to 2.1 eu. ft. of air per gallon of sewage. A thick excess sludge was 
produced. 

Ridenour (4) reported a study of an activated sludge plant using 
very low aerator suspended solids of 150 p.p.m., but a long aeration 
period of 9 hours. 

Many mechanical aerators have been found most efficient when an 
aerator solids well under 1,000 p.p.m. is maintained. All activated 
sludge plants operate in a manner similar to modified aeration for brief 
periods during initial operation before major accumulation of aerator 
solids or perhaps immediately following severe bulking troubles. 


THe JAMAICA SEWAGE TREATMENT PLANT 


At the Jamaica plant essentially domestic sewage from a combined 
system is aerated without presettling and, except for the last month of 
the study, without fine screening. Following coarse and fine racks, the 
sewage passes through grit chambers and the fine screens before it is 
pumped against a head of some 35 feet. It then flows by gravity 
through the aeration tanks and settling tanks and is finally discharged 
through a long outfall into Jamaica Bay. 

There are two spiral flow aeration tanks, each consisting of four 
channels 320 feet long by 30 feet wide and 15 feet deep with a net volume 
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of 4.1 m.g. Thus, for a sewage flow of 35 m.g.d: and a return sludge 
flow of 6 m.g.d., the theoretical aeration period is 2.4 hours with one 
aerator in service or 4.8 hours with both aerators in service: 

Only four of the eight available settlers have been in service at a 
time. The settlers are 120 feet in diameter with central feed, V-notched 
effluent weirs, and scum and sludge removal mechanisms. Each has a 
volume of 1.03 m.g. Thus the volume of four settlers is equivalent to 
one aerator. The average detention in the settlers is 2.8 hours, the 
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Figure 1.—The chronological semi-monthly suspended solids and B.O.D. removal by the settlers 
and the combined settler and thickener removal. 


overflow rate is 850 gal. per day per sq. ft. or 24,400 gals. per day per 
linear foot of weir for a 35 m.g.d. sewage flow. The desludging mecha- 
nism operates at a constant speed of one revolution in 40 minutes or, 
theoretically, 3 hours for the mechanical transfer of sludge from the 
periphery to the collecting sumps at the center. In two of the settlers, 
excess sludge may be drawn by gravity to one or both of two sludge 
thickeners. Sludge is returned to the aeration tanks by air lifts. The 
return sludge is mixed with sewage in an aerated influent channel before 
entering the aerator. 

The two circular sludge thickeners, which are 55 feet in diameter 
and 10 to 12 feet deep, have a two-armed picket fence collecting and 
thickening mechanism. They are centrally fed and have a smooth weir 
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162 feet long at the periphery. Charged at a rate of 2 m.g.d. the over- 
flow rate is 955 gals. per day per sq. ft. or 12,800 gals. per day per linear 
foot of weir. The thickener effluent is discharged to the outfall. The 
thickened sludge is fed to the digesters. 

The plant effluent is chlorinated during the bathing season. 

Digester gas furnishes most of the fuel to three 1,540 h.p. gas en- 
vines, only one of which is operated at a time. The engines are used 
in generating the necessary electrical energy for pumping and air 
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Ficure 2.—Correlation of treatment performance with operating conditions, 


Operation BY MopiFiep Sewace AERATION 
During the first 14 months of operation substantially four systems 
of control were investigated, namely, a short or long aeration period in 
combination with either a low or high aerator suspended solids content. 
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By short and long aeration is meant 2.0 to 2.5 hours or 4 to 5 hours 
aeration, respectively. With low aerator suspended solids all the 
sludge from two of the four settlers in service was returned and with 
high aerator suspended solids all the sludge from three of the four 
settlers in service was returned. Using this simple and positive method 
of control it was found that the aerator suspended solids varied from a 
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Figure 3.—A comparison of plant seale operation at the Jamaica sewage treatment plant 
with pilot plant studies. 


minimum of 200 to a maximum of 500 p.p.m. for low aerator solids and 
from a minimum of 400 to a maximum of 1,200 p.p.m. for high aerator 
solids. 

The flow of return sludge was of minor concern except as it de- 
creased the effective aeration period. The air lifts were so set that a 
flow of 3 m.g.d. was returned from each settler. Thus, for low aerator 
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solids the return sludge flow was 6 m.g.d. and for high aerator solids 
the return sludge flow was 9 m.g.d.. Under these conditions the return 
sludge solids varied from 600 to 5,000 p.p.m. or an average of 1,600 to 
2,000 p.p.m. 

Except for the first 2 months of operation only one of the two thick- 
eners has been in service. Roughly 2 m.g.d. of thin sludge containing 
a calculated 0.35 per cent or less solids was concentrated to 4 to 7.25 per 
cent solids and fed to the digesters. 


RESULTS OF OPERATION 


The results of the first 14 months of operation are presented in Ta- 
bles 1 to 8 and Figures 1 to 3 inclusive. Table 1 summarizes the use of 
digester and utility gas for operating the gas engines and boilers. It 
will be noted that almost two months were required to place the di- 
vesters in active operation while using utility gas to heat them for 
mesophilic digestion. The gas engines were ready for operation about 
the time digester gas was being produced in liberal quantities. Gas 
engine cooling water and exhaust heat exchangers then furnished most 
of the heat necessary for the digesters, buildings and hot water. Dur- 
ing the summer months settler effluent was circulated to waste through 
the engine cooling water heat exchangers. Although a yearly average 
of only 7.2 per cent of the total gas energy was purchased from Decem- 
ber, 1943, to December, 1944, it is anticipated a lesser amount may be 
necessary following minor improvements. 


TABLE 1.—Gas Energy Used 











Thousands of Cubic Feet of Gas per Day 
Percentage 
— oe For For Aux. Utility Digester Total ial 
Engines Heat Purchased Gas Used 
1943 Oct. 0 145.6 145.6 0 145.6 100.0 
Nov 64.5 144.0 148.8 59.7 208.5 71.2 
Dec. 391.1 71.5 36.1 426.6 462.5 7.8 
1944 Jan. 408.6 3.8 35.1 412.4 447.5 7.8 
Feb. 376.8 LAF 22.6 355.9 378.5 6.0 
Mar. 308.1 iW 0.2 309.0 309.2 0.1 
Apr. 384.0 3.7 2.3 385.7 388.0 0.6 
May 384.0 0 5.7 378.7 384.4 1.5 
June 377.0 0 12.0 365.0 377.0 3.2 
July 381.5 0 88.3 293.2 381.5 23.1 
Aug. 409.0 0 47.6 361.4 409.0 11.6 
Sept. 428.0 0 37.4 390.6 428.0 8.7 
Oct. 455.2 0 65.6 389.6 455.2 14.4 
Nov. 458.2 1.3 24,2 435.1 459.1 5.3 
Ave. Oct.-Oct. 326.0 31.0 48.5 308.5 357.0 13.6 
Ave. Dec.-Dec. 396.8 6.9 31.4 403.7 435.1 7.2 
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EvLectrricaL Enercy Usep 


Table 2 summarizes the electrical energy generated, the utility elec- 
trical energy purchased and the breakdown of energy used for the blow- 
ers versus that used for pumping sewage and sludges, grinding screen- 
ings, auxiliary motors and lighting. Following the first two months, 
it will be noted that of the yearly average of 547 kw. hr. per million 
gallons of sewage, 6.8 per cent was purchased. Of the 547 kw. hr., 256 
kw. hr. or 46.8 per cent was used by the air blowers. 


TABLE 2.—Electrical Energy Used 



































Thousands of Kw. Hr. per Day 
Kw. Hr. Per- Percent- 
Year Month per centage age for 
Generated Utility Total Ol oa — — 
1943 Oct: 0 15.93 15.93 8.58 455 100.0 53.8 
Nov. 1.87 14.58 16.44 9.04 470 88.6 54.9 
Dec. 13.68 3.38 17.06 8.38 590 19.8 49.1 
1944 Jan. 15.58 1.65 17.23 8.42 574 9.6 48.8 
Feb. 16.21 1.31 17.52 8.45 600 7.) 48.1 
Mar. 16.65 1.20 17.85 8.16 584 6.7 45.7 
Apr. 16.70 1.06 17.76 8.41 534 6.0 47.4 
May 16.00 0.82 16.82 7.97 550 4.9 47.4 
June 15.67 1.19 16.86 7.65 540 7.0 45.4 
July 15.87 1.21 17.08 7.63 512 ial 44.7 
Aug. 16.78 0.61 17.39 7.50 469 3.5 43.2 
Sept. 17.80 0.55 18.35 8.24 485 3.0 44.9 
Oct. 18.97 0.616 19.58 9.46 561 3.5 48.4 
Nov. 19.10 1.05 20.15 9.57 560 5.21 47.5 
Ave. Oct.-Oct. 13.57 3.62 17.19 8.20 530 21.2 47.7 
Ave. Dec.-Dee. 16.58 1.21 17.79 8.32 547 6.8 46.8 











Buiower Arr 


Table 3 summarizes the utilization of blower air. Compressed to a 
pressure of 6.5 lbs. per square inch, roughly 10,000 ¢.f.m. of free air was 
supplied at the lowest and most inefficient speed of a single blower. 
With minor increase in power input it has been found that the blower 
operates more smoothly at the second of the five available speeds. At 
this speed roughly 12,000 c.f.m. are produced at the same pressure. 
During the 14 months of operation, with rare exception, the blower has 
been operated at one of these two speeds and process control has been 
adjusted to obtain near maximum utilization of this air supply. The 
table shows that following the first two months, a yearly average of 18 
per cent of the air was used by the air lifts. Thus, a yearly average of 
0.42 eubic ft. of free air per gallon of sewage was used for treatment, 
of which 0.34 cu. ft. was used for aeration. 
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TaBLE 3.—Blower Air 














Million Cu. Ft. per Day 
Percentage Total Air for 
Year Month E : _ for Air Aeration 
ee ee Por Ale Air Lifts (C.F./Gal.) (C.F./Gal.) 
1943 Oct. 16.2 1.01 6.2 0.46 0.43 
Nov. 15.4 1.12 7.3 0.44 0.41 
Dec. 15.0 2.63 17.5 0.43 0.35* 
1944 Jan. 15.0 2.23 14.9 0.43 0.36* 
Feb. 14.8 2.27 15.3 0.42 0.35* 
Mar. 14.1 2.30 16.3 0.40 0.33* 
Apr. 15.6 2.30 14.7 0.44 0.37 
May 14.3 2.09 14.6 0.41 0.35 
June 13.6 2.74 20.1 0.44 0.35 
July 13.6 2.88 21.2 0.41 0.32 
Aug. 13.7 2.88 21.0 0.35 0.28 
Sept. 13.1 2.88 22.0 0.38 0.30 
Oct. 15.85 2.50 15.8 0.45 0.38 
Nov. iy fe bg 3.80 22.2 0.48 0.37 
Ave. Oct.-Oct. 14.50 2.28 15.7 0.44 0.35 
Ave. Dec.-Dec. 14.65 2.63 18.0 0.42 0.34 























* Inclusive of 5 to 20 per cent of aeration air to an idle aerator. 


MARSHALLING OF TREATMENT AND ANALYTICAL DaTAa 


Since operation was intentionally changed from time to time, the 14- 
month period is divided into semi-monthly or monthly periods of opera- 
tion which are then grouped into 8 periods. A weighted average was 
caleulated for each period containing more than one set of monthly 
averages. This method of marshalling data is shown clearly in Tables 
4to7. A resumé of the periods and major operating conditions is as 
follows: 











Length of Aeration Aerator Sus- 
Period Date of Study Study Period pended Solids Remarks 

(Months) (Hours) (P.P.M.) 

1 Oct. 1-Dec. 15 2.5 4—5 385 

2 Dec. 16-Feb. 29 2.5 2—2.5 625 (1) 

3 Mar. 1-—Mar. 15 0.5 2—2.5 600 

4 Mar. 16—May 30 2.5 4—5 580 

5 June 1-Aug. 24 2.75 2—2.5 635 

6 Aug. 25-Sept. 30 1.25 2—2.5 365 

rf Oct. 1-Oct. 31 1 2—2.5 480 (2) 

8 Nov. 1-Nov. 30 1 2—2.5 500 




















(1) A substantial quantity of digester supernatant was returned to the head of the plant. In 
all succeeding periods the supernatant was drawn directly to the plant outfall (Tables 6 and 7). 

(2) A variable aerator solids was maintained to compensate for diurnal fluctuations of the 
incoming B.O.D. load. From 8 A.M. to 12 midnight the average aerator suspended solids were 
560 p.p.m. and from midnight to 8 A.M. they were 380 p.p.m. 
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Fiow anp Loapine Factors 


Table 4 summarizes averages of the sewage and return sludge flows 
in million gallons per day, the aeration period and detention in the set- 
tling tanks in hours, the amount of rainfall or precipitation in inches 
for the period of study, the sewage temperature in degrees Fahrenheit, 
the aeration tank suspended solids in p.p.m., the temperature factor 
based on the Phelps’ formula (4) and used to convert the actual aera- 
tion period to an equivalent aeration period at a constant sewage tem- 
perature of 68° F. and the calculated equivalent aeration period. 

It is important to bear in mind the drurnal fluctuation of dry weather 
flows as affecting treatment. For example, an average aeration period 
of 2.5 hours includes a maximum aeration period of 4 hours or more 
from 2 A.M. to 8 A.M. and minimum aeration periods of 1.3 to 1.4 hours 
from 11 A.M. to late in the evening. Similarly, the average detention 
in the settling tanks of 3 hours includes a maximum of 6 hours or more 
and a minimum detention of 1.75 hours, assuming equal flow in each 
settler. Actually, unequal flows prevailed, so that the detention period 


TaBLE 4.—Flow and Loading Factors 








Equiv. 








Sewage | Return | Aeration Settler Rain- Sewage | Aerator | Temp. | Aeration 
Period Date Flow Flow Period —— | _ fall Temp. | Sus. S. | Factor | Period 
(M.G.D.)|}(M.G.D.)} (Hrs.) | (Hrs.) | (Inches)} (° F.) |(P.P.M.)| to 68° F.} 68° F. 
Sees CRE beat (Hrs.) 
1 2 3 4 a. | 7 8 9 10 11 


1 





Low Solids—Long Aeration 


























Oct. 1-15 35 5 4.9 2.82 3.19 66.0 390 0.95 4.65 

16-31 35 5 4.9 2.82 6.05 63.4 430 0.89 4.35 

Nov. 1-15 35 6 4.8 2.82 1.59 64.1 320 0.90 4.30 
16-30 35 6 4.8 2.82 0.38 62.6 350 0.87 4.17 | 

Dec. 1-15 28.5 6 5.0 3.47 0.15 62.5 430 0.865 | 4.32 

] Ave. 33.7 5.6 | 4.88 2.95 = 63.7 384 a 4.36 











High Solids—Short Aeration—Decant 








Dec. 16-31 29 9 2.6 3.41 1.27 | 60.6 570 0.83 2.16 

Jan. 1-15 31 9 2.46 3.19 | 5.13 54.4 480 0.71 1.75 
16-31 29 9 2.60 | 3.41 0.19 | 57.7 710 0.77 2.00 

Feb. 1-15 29.3 9 2.58 | 3.38 1.41 56.5 740 0.75 1.93 
16-29 29.3 9 2.58 | 3.38 | 0.79 55.7 630 0.73 1.88 

2 Ave. 12/16-3/1} 29.5 9 2.56 | 3.34 — 57.0 626 — 1.94 
3 Mar. 1-15 28.9 9 2.60 | 3.42 | 3.81 55.8 600 0.735 | 1.91 











High Solids—Long Aeration 





Mar. 16-31 32.4 9 4.8 3.05 2.81 56.7 570 0.75 3.60 
Apr. 1-30 33.3 | 9 4.7 2.97 5.05 59.0 590 0.795 | 3.74 
May 1-30 30.6 | 9 5.0 3.23 1.54 61.0 580 0.835 | 4.17 

9 4.82 3.09 = 59.3 580 — 3.90 





























4 -| Ave. $2.0 | 
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TaBLE 4.—Flow and Loading Factors—Continued 













































































Sewage | Return | Aeration a Rain- | Sewage | Aerator | Temp. Ps 
Period Date ow ‘low Period Pag fall Temp. | Sus. 8S. | Factor | Period 
(M.G.D.)|(M.G.D.)| (Hrs.) (Hrs.) (Inches)| (° F.) |(P.P.M.)| to 68° F. er < 
} rs. 
+7 2 as wae 5 } & i 8 9 10 1 
High Solids—Short Aeration 
a 
June 1-15 31 9 2.46 3.2 1.55 64.0 680 0.90 2.22 
16-31 31 9 2.46 3.2 1.83 66.0 680 0.95 2.34 
| July 1-381 32 9 2.40 3.1 2.20 69.0 640 1.03 2.47 
Aug. 1-24 37 9 2.14 2.67 3.07 69.0 570 1.03 2.10 
3) | Ave. | 33 9 2.35 3.0 — 67.5 634 — 2.24 
Low Solids—Short Aeration 
Aug. 25-31 36 6 2.35 | 2.74 0.01 67.0 325 0.975 | 2.29 
Sept. 1-12 37 6 2.30 2.67 0.10 67.0 335 0.975 | 2.24 
13-30 38 6 2.24 2.60 8.51 65.0 400 0.93 2.08 
6 Ave. 37.3 6 2.28 2.65 — 66.0 365 —- 2.16 
Compensating Low Solids—Short Aeration 
| | 4 
7 Oct. 1-31 | 34.8 | 8 | 2.3 2.84 | 44 64.0 480 0.90 2.06 
| | | 
High Solids—Short Aeration 
| | | | 
8 | Nov. 1-30 | 360 | 9 | 22 | 2.74 | 7.14 | 58.0 | 500 | 0.775 1.7 











in one settler was as high as 7 to 8 hours, and in another as low as one 
hour. 


QvuaLity AND Conpition oF Liquors 


Table 5 summarizes the influent, settler effluent, thickener effluent 
and returned sludge suspended solids in parts per million; the concen- 
tration of excess sludge pumped to the digesters in per cent dry solids 
and the fraction of the dry solids which is volatile or lost on ignition; 
the influent, settler effluent and thickener effluent 5 day B.O.D. in parts 
per million; and the aeration tank effluent and settling tank effluent dis- 
solved oxygen in parts per million. 

It will be noted that the Jamaica raw sewage has an average sus- 
pended solids of 200 p.p.m. and a rather low B.O.D. of 150 p.p.m. or less, 
exclusive of the period December 16 to February 29, 1944, when the re- 
turn of digester supernatant affected sampling. The settler effluent 
varied somewhat depending on the type of treatment. The daily sus- 
pended solids and B.O.D. in p.p.m. varied from the low twenties to the 
high forties with very few exceptions. The thickener effluent sus- 
pended solids and -B.O.D. were comparable to that of raw sewage except 
when digester supernatant was returned to the influent. Since the 
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thickener effluent is relatively ‘‘fresh’’ it should logically be returned 
to the aerator for further treatment. The seeding of the excess sludge 
by anaerobic organisms of the supernatant is definitely deleterious to 
sludge thickening. Any type of septicity should logically be avoided. 

The excess sludge concentration varies considerably from day to 
day, depending more on excess sludge pumping schedules than on the 
condition or nature of the sludge. However, rainfall frequently brings 
in solids of a low volatile content which can be easily thickened to a 
greater degree. The results show that an average concentration of 
greater than 4.0.per cent could be obtained readily. The average con- 
centration of excess sludge from October 15, 19438, to December 1, 1944, 
was 5.85 per cent. 

The average masks a satisfactory picture of the true dissolved oxy- 
gen conditions since it includes abnormally high dissolved oxygen val- 
ues following sewage dilution by rainfall and it is further an average of 
morning and afternoon tests. Following the long early morning aera- 
tion period, a moderately high dry weather aerator effluent dissolved 
oxygen of 4 to 6 p.p.m. was found. A sharp drop of 50 to 75 per cent 


TABLE 5.—Quality and Condition of Liquors 


































































































Suspended Solids Excess 5-Day B.O.D. Diss. Oxygen 
(P.P.M.) Sludge (P.P.M.) (P.P.M.) 
at Date 
Plant | Settler} Thick | Return] Total |Volatile} Plant | Settler |} Thick | Aerator] Settler 
nf. a Eff. | Sludge |Sol.(%)/|Sol.(%)| Inf. Eff. Eff. Eff. Eff. 
Low Solids—Long Aeration 
Oct. 1-15 — 28 —_— 2280 | 2.3 — 160 | 26.3 — 4.6 11 
16-31 179 | 38 125 — 6.0 — 134 ; 31.5 85 _— — 
Nov. 1-15 212 | 28 125. | 1120 | 6.7 78 152 | 33.6 85 5.1 1.8 
16-30 204 | 27 140 -— 5.75 | 79 149 | 40.6 | 117 — — 
Dee. 1-15 248 | 32 110 | 1470 | 4.85 | 77 167 | 43.8 51 3.5 1.6 
1| Ave. 211 30.6 | 125 | 1654] 5.85 | 78 152 | 35.2 85 4.6 1.5 
High Solids—Short Aeration—Decant to Plant Influent 
Dec. 16-31 260 | 46 625 — 6.28 | 77 165 | 56.9 | 295 = — 
Jan. 1-15 244 | 32 355 | 1420 | 7.25 | 77 141 35.6 | 192 3.8 3.1 
16-31 333 | 33 705 — | 7.15 | 76 184 | 41.3 | 510 — — 
Feb. 1-15 328 | 43 900 | 2010 | 7.00 | 73.4 | 147 | 48.8 | 398 3.1 2.8 
16-29 250 | 33 350 — 7.30 | 76.3 | 1387 | 40.7 | 185 —_— — 
2 | Ave. 12/16-3/1} 283 | 37.4 | 587 | 1666 7.00 | 75.5 | 155 | 44.7 | 316 3.5 2.7 
3 | Mar. 1-15 204 | 31 95 | 1930 | 6.54 | 78.2 | 134 | 44.7 65 4.2 2.5 
High Solids—Long Aeration 
Mar. 16-31 186 | 26 160 | — | 5.87 | 76.2 | 127 | 31.6 | 105 — — 
Apr. 1-30 184 | 28 151 | 2090 | 6.40 | 77.0 | 121 28.0 78 3.9 1.8 
May 1-30 205 | 34 120 | 2110} 5.66 | 78.6 | 156 | 36.0 76 1.8 0.9 
4| Ave. 193 | 30 140 | 2066 | 6.00 | 77.5 | 1386 | 31.9 83 | 3.0 1.6 








hal 


on ile tt. a 
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TABLE 5.—Quality and Condition of Liquors—Continued 





| Suspended Solids Excess 5-Day B.O.D. Diss. Oxygen 
(P.P.M.) Sludge (P.P.M.) (P.P.M.) 





sual Date | 
Plant | Settler } Thick | Return} Total | Volatile Plant | Settler | Thick | Aerator] Settler 
Eff. Eff. | Sludge Sol. (7%) Sol. (7) Inf. Eff. Eff. Eff. Eff. 


























High Solids—Short Aeration 























June 1-15 255 | 34 128 | 1860} 5.70 | 74.0 | 129 | 37.0 82 1.6 0.8 
16-30 255 | 36 128 — | 6.86 | 74.0 | 141 | 33.0 82 — — 

July 1-31 185 | 42 283 | 2050 | 5.70 | 72.5 | 109 | 33.0 | 159 | 2.5 | 0.5 
Aug. 1-24 172 | 35 150 | 1640 | 5.52 | .72.3 85 | 27.5 71 3.5 | 0.8 

5 | Ave. 206 | 37.5 | 190 | 1630 | 5.85 | 72.9 | 111 | 32.1 | 107 | 2.5 | 0.7 

Low Solids—Short Aeration 

Aug. 25-31 185 | 28.5 1] 171 — 4.34 | 74.3 | 106 | 30.0 78 — — 
Sept. 1-12 220 | 25.5 78 | 1540} 4.26 | 75.0 | 118 | 31.0 48 | 5.2 | 0.9 
13-30 195 | 33.0 | 151 — | 6.30 | 66.0 97 | 32.7 85 a — 

6 | Ave. 202 | 29.8 | 133 | 1520 | 5.29 | 70.4 | 105 | 31.7 (A 5.0 | 0.9 





Compensating Low Solids—Short Aeration 





~“I 























71.5 | 182 100 | 162 | 4.5 | 0.5 





Oct. 1-31 | 209 35 264 | 1420 | 4.82 





High Solids—Short Aeration 





| 


8 | Nov. 1-30 





73.3 | 121 3000 | 87 | 3.7 1.4 





bo 


1 39 133 | 1570} 4.56 


bo 


























in the aerator effluent dissolved oxygen occurred by 2 P.M. when the 
B.O.D. load was high and the aeration period short. The dissolved 
oxygen of the mixed liquor half way through the aerator was roughly 
one-half that of the aerator effluent. At least 0.5 p.p.m. dissolved oxy- 
gen in the first three channels was considered desirable. The settler 
effluent dissolved oxygen was invariably zero for dry weather flows fol- 
lowing the long early morning detention. By 2 P.M. the settler effluent 
dissolved oxygen was near a maximum and equal to roughly one-half 
of the afternoon aerator effluent. 


Sotips BALANCE 


Table 6 summarizes the average tons of dry solids entering and leav- 
ing the plant per day on a semimonthly or monthly basis. Since a sub- 
stantial amount of supernatant solids was returned to the influent from 
December 1 to March 1, 1944, the amount appearing in column 2 has 
been accounted for as recirculated solids. The effluent solids consist of 
the thickener effluent and the settler effluent in columns 3 and 4, respec- 
tively. The total effluent solids appears in column 5. Three measure- 
ments of the captured solids were available. They are (a) the influent 
flow and suspended solids found in Tables 4 and 5 less the effluent solids ; 
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(b) the daily sludge volume converted to tons of dry solids and aver- 
aged and (c) the volume of supernatant and digested sludge withdrawn 
during a period plus or minus the difference in the total volume of the 
digesters at the beginning and end of the period converted to dry tons 
by the average concentration of sludge. The volume in method (h) 
shown in column 7 consists of taking elevations of the primary digestion 
tanks before and after they are charged. The volume in method (c) 
shown in column 8 consists of taking elevations of the secondary or ter- 
tiary digesters before and after sludge or supernatant is withdrawn, 
plus the levels of all tanks at the beginning and end. The authors are 
of the opinion that the average of the latter two methods is more indica- 
tive of the actual conditions. However, there is a minor choice of meth- 
ods when the percentage removal or percentage captured solids is ealeu- 
lated. The percentage removal of solids by the settlers and thickeners 
by all three methods is presented in column 9 and the percentage re- 


TaBLE 6.—Solids Balance 


































































































Solids in Dry Tons per Day | Per Cent Removal 

“a - ; Captured Solids | | 
vied nee — T _ - Settler | E es Plant | | yoy ‘ | Settle 
Plant | p fa a Effluent es * Influent Pri- | Second- | Thick- | *“'*! 

Influent mary ary ener | 

Levels Levels 

St) culnaas — © oa nay es - | : < al “eae m ij 6 P 7 : 8 | 9 i i 10 

| 

Low Solids—Long Aeration 
ae | ht eas ae ae | i 
Oct. 1-15 = 1.00 | 4.10 | 10 | 26.0 24.7 | _82 85 
16-31 1.00 5.34 | 6.54 26.0 20.2 75 78.6 
Nov. 1-15 1.53 4.10 | ).63 | 30.9 23.8 26.4 82 86.2 
16-30 1.73 3.94 | 5.67 | 29.8 29.6 28.6 83 87.7 
Dee. 1-15 | 2.03 0.93 3.80 | 4.73 | 29.6 23.2 28.4 32 87.1 
1 | Ave. | 1.24 4.26 | 5.49 | 28.5 24.3 25.6 81.6 85.7 
High Solids—Short Aeration—Decant to Plant Influent 
Dec. 16-31 0.97 5.2 5.55 10.75 31.4 20.5 12.7 64 80.5 
Jan. 1-15 0.67 3.0 4.13 7.13 31.5 18.8 19.9 74 83.9 
16-31 7.93 5.9 4.00 9.90 40.2 21.8 20.1 64 86.0 
Feb. 1-15 9.00 7.5 9.29 12.75 40.0 24.2 24.5 66 83.5 
16-29 1.50 2.9 4.02 6.92 30.5 36.5 29.1 79 88.3 
2 | Ave. 12/16-3/1} 4.01 4.9 4.59 9.49 34.7 24.4 21.3 67.3 83.2 
3 | Mar. 1-15 — 0.8 3.73 4.53 24.6 30.7 30.9 85 87.7 
High Solids—Long Aeration 

Mar. 16-31 1.25 3.50 4.75 25.1 30.2 29.4 85 87.9 
Apr. 1-30 1.25 3.88 5.13 25.5 30.2 28.4 83 87.2 
May 1-30 = 1.00 4.33 5.33 26.1 33.8 33.8 84 87.0 
4 | Ave. — 1.15 3.98 5.13 25.6 31.6 30.7 83.9 87.5 














Pe 
ric 


, — a —- 
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TABLE 6.—Solids Balance—Continued 







































































| Solids in Dry Tons per Day Per Cent Removal 
| 
| | ae 
, | | Captured Solids 
os Date Decant | -phick | Total “| Settler 
si to Thic ~ | Settler | Effluent | Plant | l and Settl 
| Plant Effluent Effluent (Col. Influent | Pri- | Seeond- | Thick- —, 
| Influent = 3 & 4) mary ary ener 
| | Levels Levels 
ras Sursares be 3 | : 1s | 6 | 7 s 9 10 
| 
High Solids—Short Aeration 
Bes eee 2a es 
| 
June 1-15 — 1.07 | 4.40 5.47 33.0 29.7 28.0 S4 86.7 
16-30 — 1.07 | 4.65 5.71 33.0 26.5 25.0 82 85.4 
July 1-31 — 2.36 | 5.60 7.96 24.6 24.8 26.2 73 80.5 
Aug. 1-24 — 1.25 5.40 6.65 26.5 27.5 27.4 78 82.3 
5 | Ave. _ 1.59 5.15 6.74 28.1 26.7 26.6 78.6 83.6 
Low Solids—Short Aeration 
- 7 J 
Aug. 20-¢ 2.80 .26 x re 24, 20. ). ee 
A 25-31 2.85 4.26 eal 27.7 24.7 25.4 76.7 85.2 
Sept. 1-12 we ; 5.2 3.$ 23.6 26.6 83. 87. 
Se 1-12 1.30 3.93 5.23 33.9 23.6 26.3 83.3 eek 
13-30 | 2.51 5.21 7.72 30.8 | 33.7 41.6 80.2 86.2 
6 | Ave. | 2.16 | 4.62 | 6.78 | 31.3 | 288 | 33.8 | 80.9 | 86.5 
| | | | 
Compensating Low Solids—Short Aeration 
7 | | | 
7 | Oct. 1-31 — | 1 | 5.06 | 6.16 30.4 | 24.7 26.1 80.1 83.6 
| | | | 
High Solids—Short Aeration 
8 | Nov. 1-30 — | | a | 5.84 | 6.95 31.8 25.0 27.0 78.7 $2.0 
| | 

















moval by the settling tanks by all three methods, assuming that the 
thickener solids are captured when returned to the head of the plant, is 
shown in column 10. 


B.O.D. BAaLaNnce 


Table 7 summarizes the average tons of B.O.D. entering and leaving 
the plant per day. The method of marshalling the data was similar to 
that used with the solids balance. Again the percentage removal by 
the settlers and thickeners and the percentage removal by the settlers, 
assuming the capture of thickener effluent B.O.D. by retreatment, was 
calculated. 


TREATMENT SUMMARY 


The removal of suspended solids and B.O.D. by the settlers is plotted 
chronologically in Figure 1. The combined settler and thickener efflu- 
ent gave a removal of 78.7 per cent of the suspended solids and 65.4 
per cent of the B.O.D. over the 14-month period. If the thickener efflu- 
ent was returned to the plant influent without any effect on the settler 
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effluent, the 14-month average suspended solids and B.O.D. removal 
would be 84.9 and 72.5 per cent, respectively. 

Since operating conditions were changed, the more pertinent aver- 
age results of the eight periods of similar operation in Tables 3 to 7 
are recapitulated in Table 8 and Figure 2. These results are arranged 
according to a decreasing aeration period and from a low to high to low 
aerator suspended solids, irrespective of the season of the year. 

Figure 2 more clearly correlates the operating conditions with the 
treatment results. The results may appear particularly confusing 
when it is noted that period 6, having nearly the shortest aeration pe- 
riod, the lowest aeration solids and the lowest air supply, compares very 
favorably in treatment performance to period 4, which has twice as long 
an aeration time and almost twice the aeration solids. The answer 
probably lies in the character or settleability of the active floc. The 
relatively long aeration period has processed the sewage to a degree 
where the active floc acquires poorer settling qualities and, although the 


TaBLe 7.—B.0.D. Balance 



















































































Tons of 5-Day B.O.D. per Day | Per Cent Removal 
| 
Period Date Decant | Total 
to | Thickener Settler Effluent Plant Settlerand | gattor 
Raw Effluent Effluent (Col. Influent | Thickener Settler 
Sewage | 4 & 5) 
1 oe 2 +e | tet + a SS 
Low Solids—Long Aeration 
Oct. 1-15 — 0.67 3.83 4.50 23.3 80.7 84 
16-31 — 0.69 4.60 5.29 19.5 72.9 76 
Nov. 1-15 _ 1.07 4.90 5.97 22.2 73.1 78 
16-30 — 1.47 5.90 7.37 21.8 66.2 73 
Dee. 1-15 0.31 0.43 5.20 5.63 19.8 71.2 73.4 
1 Ave. — 0.866 4.89 5.755 21.32 73.0 77.2 
High Solids—Short Aeration—Decant 
Dec. 16-31 0.17 2.44 6.86 9.30 19.9 53.0 65.2 
Jan. 1-15 0.12 1.60 4.60 6.20 18.2 65.7 74.6 
16-31 1.40 4.25 5.00 9.25 22.2 55.6 76.0 
Feb. 1-15 1.60 3.33 5.96 9.29 17.9 48.1 66.8 
16-29 0.27 1.57 4.97 6.54 16.3 59.8 69.5 
2 Ave. 12/16-3/1 0.71 2.64 5.48 8.12 18.9 55.4 69.8 
3 Mar. 1-15 0 0.54 5.37 5.91 16.1 63.3 67.0 
High Solids—Long Aeration 
Mar. 16-31 _— 0.81 4.26 5.07 17.1 70.3 75 
Apr. 1-30 — 0.65 3.88 4.53 16.8 73.0 77 
May 1-30 trace 0.63 4.60 5.23 19.9 73.8 77 
4 Ave. — 0.674 4.24 4.92 18.1 72.8 76.6 
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TaBLeE 7.—B.0.D. Balance—Continued 




















Tons of 5-Day B.O.D. per Day Per Cent Removal 
Period Date Decant Total 
to Thickener Settler Effluent Plant Settler and Settler 
Raw Effluent Effluent (Col. Influent | Thickener 
Sewage 4 & 5) 
“4 2 3 4 5 6 7 8 “9 























High Solids—Short Aeration 


























June 1-15 oe 0.68 4.78 5.46 16.1 66.1 71 

16-30 -- 0.68 4.26 4.94 18.2 72.9 77 

July 1-31 trace 1.37 4.40 5.77 14.5 60.2 70 

Aug. 1-24 a 0.50 4,23 4.73 13.1 63.9 68 

5 Ave. — 0.996 4.97 5.97 17.0 64.9 71 








Low Solids—Short Aeration 








Aug. 25-31 — 1.30 4.50 5.80 15.9 63.6 72 
Sept. 1-12 — 0.80 4.77 5.57 18.2 69.4 74 
13-30 — 1.41 5.17 6.58 15.3 57.0 66 
6 Ave. — 1.19 4,93 6.12 16.35 62.6 69.9 
Compensating Low Solids—Short Aeration 





7.98 19.1 58.3 70.0 


oO 
~I 
1? <) 














7 Oct. 1-31 — 2.20 











High Solids—Short Aeration 





Nov. 1-30 — 0.72 5.84 6.56 18.1 63.8 67.8 





























effluent is free from sewage turbidity, it contains active floc impurities. 
With the short aeration and low aerator solids a higher percentage of 
sewage turbidity and a much smaller percentage of active floc appears 
in the effluent. 

The inferior results in period 2 can be ascribed mainly to the return 
of digester supernatant to the head of the plant and should be compared 
with the short 15-day period 3 which followed without the return of 
digester supernatant. An improvement in the suspended solids is ob- 
served but no improvement in the B.O.D. periods 5 and 6 should be 
compared as equal time of aeration but roughly twice the amount of 
returned solids in period 5. The same logic as used in comparing pe- 
riods 4 and 6 applies, i.e., even with an aeration period of 2.25 hours 
the high return of active floc at this summer temperature processed the 
sewage to a degree that the floe acquires poorer settling qualities and, 
although a low effluent B.O.D. is achieved, the suspended solids is higher 
than when a low aerator solids is maintained. 

Periods 7 and 8 cover two months of fall operation when high solids 
were maintained for a short aeration period. Considering only the 
short aeration periods, removals of 70 to 71 per cent of the B.O.D. and 
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84 to 86 per cent of the suspended solids during the summer and re- 
movals of 68 to 70 per cent of the B.O.D. and 82 to 84 per cent of the 
suspended solids during the fall were obtained. 


CoMPARISON WITH Pitot PLant StupIEs 


In comparing the operation at Jamaica with the pilot plant studies, 
the eight periods of similar operation have been superimposed on Fig- 
ure 4 of a previous paper (5), and are presented in Figure 3. Since 
there was a greater divergence between the removal of suspended solids 
and B.O.D., it was desirable not to average the two indices as had been 
done in the pilot plant studies but to consider each separately. The_ 
equivalent aeration period at 68° F., which permits the correlation of 
studies made at different temperatures, was plotted against the percent- 
age of remaining B.O.D. and suspended solids. 

Considering an average pilot plant curve it may be observed that the 
same trends of treatment performance were achieved at Jamaica. 
Ilowever, several important factors should be mentioned. First, it 
should be remembered that the Jamaica performance was obtained on 
raw sewage rather than pre-settled sewage. Secondly, in the practical 
studies, the diurnal flow cycles cause a daily fluctuation of from one- 
half to twice the average aeration period and settler detention. 
Thirdly, any improvement which might be expected due to a greater 
quantity of active floc in the aerator is offset by over processing the 
sewage during low flows and increased septicity in the settling tank. 
30th of these latter factors increase the settler effluent impurities. 


Discussion 


Modified sewage aeration as practiced at Jamaica during the first 
year of operation has proven its predicted potentialities. With some 
changes in operation better performance may be expected. Some of 
these changes are: 

(a) The return of thickener tank effluent to the plant influent for 
reprocessing. 

(b) Better control of excess sludge pumping to the digesters to main- 
tain maximum efficiency of the thickeners. At present the concentra- 
tion of excess sludge bears no relation to the compactability of the 
sludge. 

(c) The introduction of air into sections of the settler to maintain 
dissolved oxygen throughout the tank. The air may be supplied me- 
chanically or by diffusion only during periods of prolonged detention 
to ‘*freshen’’ the liquor or decrease the effective settling capacity. 

(d) The storage of active floc during part of the day to be returned 
during the peak diurnal B.O.D. load to prevent under-processing of 
sewage during high flows or peak loads. This may be feasible at low 
aerator solids but not at high aerator solids without inereasing the air 
supply. 
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(e) A better distribution of air, particularly during peak load 
conditions. 


SUMMARY 


The principles of modified aeration have been applied at the Jamaic: 
sewage treatment plant since October, 1943, to a flow of 35 m.g.d. The 
raw sewage was aerated without pre-settling for either 2 to 2.5 or 4 to 5 
hours, settled for 3 hours and all fhe sludge from one-half or three- 
fourths of the settling tanks in service was returned. Thin sludge in 
the remaining settling tanks was concentrated in thickening tanks and 
digested. The gas from the digesters was utilized for power generation 
and heating. Utility gas and electricity were purchased for the first 
two months. During the following 12 months 7.2 per cent of the gas 
energy and 6.8 per cent of the electrical energy was purchased; the re- 
maining energy being supplied by digester gas. 

An average of 547 kw. hr. of electrical energy was needed per mil- 
lion gallons of sewage, of which 46.8 per cent was for operating the 
blowers and.53.2 per cent for sewage and sludge pumping, lighting and 
auxiliary motors, ete. 

Kighteen per cent of the 14.65 million cubic feet of air per day was 
used for the return sludge air lifts and the remainder for aeration. 
Thus, 0.34 cubic feet of free air per gallon of sewage treated was used 
for aeration, or 0.42 cubic feet per gallon of sewage for aeration and 
air lifts. 

The return sludge from half of the settlers in service amounted to 
6 m.g.d. and maintained an average aerator suspended solids of 375 
p.p.m. 

The return sludge from three-fourths of the settlers in service 
amounted to 9 m.g.d. and maintained an average aerator suspended 
solids of 600 p.p.m. 

With 4 to 5 hours aeration, more than 75 per cent of the B.O.D. and 
85 per cent of the suspended solids were removed by the settlers, ir- 
respective of the concentration of aerator solids. 

With 2 to 2.5 hours aeration, 70 per cent of the B.O.D. and 83 per 
cent of the suspended solids were removed by the settlers, irrespective 
of the concentration of aerator solids. 

The excess sludge was drawn at concentrations of 4 to 7 per cent or 
an average of 5.85 per cent dry solids. With moderate care in sludge 
withdrawals, a concentration of 5 to 7 per cent may be anticipated. 
Digested sludge may be drawn at a concentration of 4 to 6 per cent 
without difficulty. 
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Discussion 


By Rosert SHapitro AND JAMES W. T. Hocan 


Principal Sanitary Chemist and Plant Superintendent, Respectively, Bowery Bay 
Sewage Treatment Works, New York City 


It is the purpose of this discussion to add some data to the practical 
experience with modified sewage aeration, in the light of operation ex- 
perience at the Bowery Bay sewage treatment works, where this method 
is now employed. : 

The Bowery Bay plant includes coarse screens, a grit chamber, pri- 
mary settling, aeration and final settling tanks. Excess activated 
sludge is thickened in separate tanks. Eixcess and primary sludges are 
digested. Digested sludge is barged to sea. The plant was designed 
for secondary treatment by the -‘‘step aeration’’ modification of the 
activated sludge process, which method consists of returning sludge 
from the final tanks to the head end of the aerators and adding the 
sewage at from one to four points along the flow through the aerators. 
The designed aeration period is 2.5 hours with 25 per cent return 
sludge. 

The plant was placed in operation on November 20, 1939, using 
primary sedimentation only. Activated sludge by step aeration was 
started on March 12, 1942, and continued until December 20, 1943, when 
aerator solids were reduced and modified sewage aeration begun. With 
modified sewage aeration, all sewage enters the aeration tanks and is 
mixed with return sludge at the head end of the tanks. 

The data presented in Table 1 offer a comparison between step aera- 
tion and modified aeration results. The table shows that there had 
been an increase in the volume of sewage treated from 1942 to 1944, 
but not enough to influence significantly the detention periods in the 
treatment works. 

With modified sewage aeration in 1944 the air ratios were reduced to 
about 7% of the previous air requirements, with a 22.4 per cent reduction 
in volume of air required per pound of B.O.D. removed. The kw. hr. 
per million gallons during 1944 was 22 per cent less than for the pre- 
ceding two periods. 

The suspended solids load entering the plant was almost or 
as shown by the yearly average figures. The primary effluent shows a 
continuous improvement in the annual averages, due principally to 
changes made in grease removal and to improvement in the quality of 
decant liquor. 
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TaBLE 1.—Salient Data on Operation Results at the Bowery Bay Sewage Treatment Works 
Step Aeration Vs. Modified Aeration 























Period 1942 "1943 1944 
| (8 months) (12 months) (11 months) 
PPMOMNOORIONN ooo. Soc. ee ss | Step Step Modified 
Sewage Flow—m.g.d................... | 32.5 36.6 37.8 
Detention Periods—hrs. 
PN Oe cals cote 29> > a 1.15 1.10 1.05 
SASS ee eee eee 2.6 22 2.5 
RCE ieee EBs is sh his:s Sigs 1.8 1.6 is? 
Aeration Suspended Solids—p.p.m....... 1,490 1,780 505 
Air Supply—cu. ft./gal................. 0.59 0.61 0.39 
Cu. Ft. Air per Lb. B.O.D. Removed... . 760 760 590 
Power Used—kw. hr./m.g............ 560 570 440 
Suspended Solids—p.p.m. q 
AS ee eee Helse ers 193 192 194 
(OAS i oe ee 145 122 113 
EA ee ce i 12 37 29 
B.O.D.—p.p.m. 
MN EER ee Sik eas v's 145 189 174 
1 LSS GE Ds Ba A 107 133 103 
| ESS Ss ee 14 37 24 
%emoval of Suspended Solids—per cent 
Pamary....... ay? or ei: 24.9 36.5 41.7 
CUTS ES a Re en care 93.8 81.3 85.1 
Removal of B.O.D—per cent 
5 a ae : 26.2 29.6 40.8 
UTS ih oe 90.3 80.5 86.2 
Sludge—per cent solids | 
ae Pigieeens 9.04 5.52 6.83 
Activated......... are | 242 | 2.75 3.57 
Weighted Average............ | 3.78 4.17 5.50 
[oS es ee ee | 4.48 3.96 5.26 
Volume of Sludge—cu: ft./day | 
ly | 10,320 8,460 6,310 
SoS LE ee 10,120 7,990 5,030 
MORE Sie ses aes et ee 20,440 16,450 11,340 
Digested Sludge to Sea—cu. ft./month... | 319,000 280,000 159,000 








The results of 1942 show that step aeration gave better overall re- 
movals than modified sewage aeration. The impaired results for 1943 
as compared with 1942 were due to a series of difficulties, such as oil 
wastes and very heavy decant liquors. Changes in digester operation 
toward the end of 1943 and the subsequent heavier sludges obtained 
during 1944 permitted a reduction in volume and an improvement in 
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quality of the decant liquor. Oil wastes in noticeable quantities were 
no longer found to be entering the plant. However, it should be empha- 
sized that modified sewage aeration should not be expected to give 
better overall removals of suspended solids and B.O.D. than step aera- 
tion, as shown by the comparison of 1942 and 1944 results. 

Another important difference in the two methods of operation is evi- 
dent in the concentration of excess activated sludges. The decrease in 
sludge volume obtained from the thickening tanks helped improve the 
quality of the decant liquor, which in turn improved operations in gen- 
eral as already stated. This smaller volume also made it easier and 
more economical to maintain digester temperatures. The resultant 
effect was a heavier digested sludge of a lower volatile content and a 
lesser quantity of sludge to be sent to sea. 

In general, therefore, the overall purification on a plant scale was 
very similar to the predictions based on the pilot plant studies as previ- 
ously reported by Setter in the July, 1943, and by Setter and Edwards 
in the March, 1944, issues of This Journal. The compensation for the 
slightly lower plant efficiencies were lower air ratios, and consequent 
power savings; a heavier excess sludge which improved and decreased 
the volume of decant liquor; higher digester temperatures; improved 
digested sludge concentration and a marked economy in barging the 
sludge to sea. 








EFFECT OF INDUSTRIAL WASTES ON THE 
OPERATION OF A SEWAGE TREAT- 
MENT PLANT * 


By 
Lovts J. FontTeNELLI AND WILLEM RupDOLFs 


Chief Operator, Rahway Valley Joint Meeting; Chief, Dept. Water and Sewage Research, 
Respectively 


The effect of varying quantities of industrial wastes on the opera- 
tion of a sewage treatment plant has been demonstrated during the last 
four years at the Rahway Valley Joint Meeting plant, New Jersey. 
The effect of the wastes was noticeable on (1) sedimentation, (2) sludge 
volume, (3) digestion, (4) gas production, and (5) sludge drying. Con- 
densed results are presented to indicate the effects and operation 
difficulties. 

In 1928, nine municipalities located in the Rahway Valley entered 
into a contract forming a joint meeting. All conditions pertaining to 
the participation in construction cost, allocation of space in the trunk 
sewer and treatment plant, and the apportionment of operating and 
maintenance expenses were embodied in the contract. The actual con- 
struction of the trunk sewer was begun in 1929 and completed in 1931. 
The entire trunk sewer flow is by gravity to the plant, at which point it 
is lifted 15 feet by means of pumps. Flows are measured by recorders 
placed near the boundaries of the municipalities and at the treatment 
plant. Construction of the sewage treatment plant was begun in 1935 
and completed in 1937. The construction cost for trunk sewer and 
plant was approximately $3,000,000. 

The trunk sewer ranges in graduated sizes from 36 to 72 inches in 
diameter and was designed for a normal average daily flow of 25 m.g.d., 
estimated to be sufficient to 1960. 

The sewage treatment plant embodies mechanical collection of grit 
and screenings, pumping of raw sewage, sedimentation, separate sludge 
digestion, sludge drying, and chlorination. The sedimentation tanks 
design is based on four hours’ detention at 12.5 m.g.d. Sludge diges- 
tion tanks and sludge drying beds were to serve a population of 75,000. 
A general layout of the plant is shown in Figure 1. 


CoNTRIBUTING PoPULATION AND F'Lows 


In order to determine the effect of increased sewage flows and vol- 
umes of industrial wastes discharged on the operation of the plant, the 
total contributing population, the number of employees in industries 
discharging liquid wastes, volumes of sewage, volumes of industrial 


* Journal Series Paper of the New Jersey Agricultural Experiment Station, Dept. Water 
and Sewage Research, Rutgers University, New Brunswick, New Jersey. 
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wastes, and the percentages of wastes to the total flows are compared 
for the years 1940-1943, inclusive (Table I). The population has in- 
creased rapidly and industrial activity has materially increased in this 
area during these years. The contributing population figures for 1940 
were obtained from the United States Census and for 1943 (November) 


TaBLE I.—Contributing Population and Average Daily Flow 























1940 1941 1942 1943 
Population contributing...................... 68,437 — 74,346 
Employees in ‘‘wet” industries................ 4,051 6,959 7,446 7,800 
Total sewage flow, m.g.d...................05. 7.71 8.04 10.28 10.51 
Industrial waste flow, m.g.d................... 1.34 1.74 2.63 2.82 
Proportion of waste of total flow, per cent...... 17.3 21.6 25.7 28.7 











from ration books issued in the various municipalities. The number 
of employees in the industries discharging liquid wastes and the vol- 
umes of wastes produced and discharged into the trunk sewer were esti- 
mated on the basis of (1) information received from the industries, (2) 
number of employees and (3) records in our files. The increases in 
population and flow from 1940 to the end of 1948 were as follows: 


Actual Percentage 

Increase Increase 
Ponuintson wonttabiting . ...... 5. cc ee oe 5,909 8.6 
Employees in “wet” industries................. 3,750 93.5 
Motel sowame NOW, TAB... <5 ...505. 05505 e es 2.80 36.4 
Industriai waste flow, m.g................0.0005 1.38 104.0 


From the percentages of increase in industrial employees and vol- 
ume of waste it is evident that the relationships existing in 1940 have 
changed materially. 

The total volume of sewage flow varies widely. The flows depend 
on population, ground water infiltration, and storm water entering local 
sewers. The variation in flow is illustrated by comparing daily flows 
during March, 1941, a wet spring month, with October, 1941, a dry au- 
tumn month, which averaged 12.27 and 4.40 m.g.d., respectively. The 
variations in flow do not materially affect the quantities of sludge col- 
lected, as shown by the monthly average results. 

On account of difficulties in operation, particularly of the digestion 
units, a volume of about 1,500,000 gallons of industrial wastes was di- 
verted for a considerable period. In addition to the general effect of 
increase in flow on the plant, the diversion of part of the industrial 
wastes serves as an index of the effect of the wastes on operation. The 
amounts of solids collected for these two months were, ‘however, ap- 
proximately the same, showing that the quantity of solids does not 
change materially with storm flows. No such extreme fluctuations in 
industrial waste flows occur, although the flows on Sundays are less 
than during the week days. 
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Types or WASTES 


The wastes discharged by the 33 industries in the district come from 
a wide variety of industrial processes. The character and strength of 
the wastes have been determined by analyses for the larger industries 
and deduced from products produced by the smaller industries. The 
character of the wastes fall into five groups, namely: 


1. Chemical wastes, acid or alkaline in character, some containing 
dyes and/or poisons; 

2. Wastes containing solvents and/or soaps; 

3. Wastes containing oils and greases; 

4, Pickling liquors ; 

5. Wastes containing suspended solids from paper, rug, and similar 
manufacturing processes. 


The quantities of wastes received are largest from the first and fifth 
groups. 

In general, the wastes in the different groups affect sewers and the 
operation of the treatment plant in various ways. The wastes in the 
first group may be considered as most important from the standpoints 
of sewer and equipment, corrosion, settling characteristics of solids, 
volume of sludge produced, sludge digestion processes, and sludge dry- 
ine. The quantities of suspended solids in these wastes are usually not 
more than those found in domestic sewage, but material in solution is 
frequently much greater and influences suspended solids removal. Of 
ereatest importance are the acids and alkalies. Dyes may color the 
sewage, but with the present method of treatment exert little effect. 
The poisons may interfere with the biological action in the digesters. 

The wastes containing solvents are important in relation to explo- 
sion hazards in sewers, and some solvents are very detrimental to the 
sludge digestion processes. The greases and oils aid in scum formation, 
but have not been of great importance at this plant. The wastes con- 
taining pickling liquors have been chiefly important in relation to their 
precipitating action on suspended solids, resulting in increased sludge 
formation. The sludge formed is frequently thin and watery, affecting 
thereby the capacity of the digesters. Paper, rug and similar wastes 
produce larger quantities of sludge. These wastes may contain fiber 
and hair, causing difficulties with clogging and scum in the digesters. 


OPERATION RESULTS 


The average daily operation results for four years are summarized 
in Table II. Grit removal during dry weather flow has been satisfac- 
tory. During excessive storm flows some grit passes through to the 
settling tanks and hence to the digesters. The quantities of screenings 
collected per day are fairly constant with the exception of periods dur- 
ing January to April when the daily collections may increase as much 
as 400 per cent. The reason for the abnormal screenings collection is 
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that large masses of filamentous fungus growth, occurring on the sides 
of sewers, slough off. This material does not drain readily and has an 
offensive odor. Drained grit has a moisture content of about 73 per 
cent and screenings about 90 per cent. Both grit and screenings col- 
lected are carted away by truck and dumped on the nearby state re- 
formatory grounds where the materials are used for soil improvement. 

Suspended solids removal is persistently high, ranging from 60 to 
81 per cent with a four-year daily average of 66 per cent. This high 
efficiency can be attributed to the coagulating action of some of the 
industrial wastes. With the increased industrial activity in the area 
served and ‘proportionate increase in suspended solids, plus the retard- 
ing effect on sludge digestion, it was necessary te reduce the efficiency 
of the settling tanks by cutting out two units and thereby decreasing 
the total detention period. The effluent produced with the reduced de- 
tention time was considered unsatisfactory by the State Health Depart- 


TaBLeE II.—Average Daily Operation Results Rahway Valley Joint Meeting Sewage Treatment Plant 

















1940 1941 1942 1943 
Grit removal, cu.-ft. per m.g..............,.... 7.8 6.1 5.6 6.9 
Screenings removal, cu. ft. per m.g............. 24 3.5 2.6 3.4 
Suspended solids in raw sewage, p.p.m.......... 176 212 154 168 
Suspended solids in effluent, p.p.m............. 55 68 62 61 
Suspended solids removal, per cent............. 69 68 _ 60 64 
Dor raw Sewoee, P-D-M...........-...2.%.4. 171 182 > 148 198 
WERE OP RL THOT OOM... ea eee 32 31 35 33 
Wet sludge production, cu. ft.................. 2,139 2,561 2,642 3,100 
Dry total solids retained, Ibs................... 10,000 | 11,510 | 10,715 | 12,840 
Dry total volatile solids retained, lbs........... 6,990 7,885 7,610 9,360 
Dry total volatile solids to digesters, lbs.........| 6,990 7,885 6,800 6,670 
Increase in wet sludge retained, per cent........ -- 11.5 7.1 12.8 
Increase in dry volatile solids, per cent......... _ 12.8 11.3 34.0 
DC UMMr emer clo fet oi LL ee 6.5 5.4 2.6 2.9 

















ment and, in order to meet the requirements, three settling tanks were 
replaced in operation. Attention is directed to the fact that the aver- 
age daily percentage removal of suspended solids, based upon the p.p.m. 
suspended solids in influent and effluent, did not decrease as much as 
might be expected. In this respect the variation in suspended solids 
of the raw sewage, as well as the change in character of sewage, should 
be kept in mind. 

' Since July, 1940, there has been a gradual rise in the volume of solids 
arriving at the plant. This can be attributed to (1) increase in popula- 
tion served and (2) increase in industrial activity. Despite the fact 
that during part of 1942 and 1943 a considerable volume of industrial 
wastes was diverted before reaching the plant, the increase in the vol- 
ume of sludge collected was greater in extent than’ the population in- 
crease over the four years under consideration. Of particular impor- 
tance is the large increase in volatile solids, which were one-third 
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greater in 1943 than in 1940. The increase in volume of wet sludge 
placed a burden on-the digestion and sludge disposal facilities, requir- 
ing increased capacities. In effect, the large increase in volatile solids 
increased the load on the digesters beyond the capacity of the available 
facilities and it became necessary to build a large sludge storage basin 
to supplement the sludge drying beds. Excess digested sludge was 
stored in this basin during the winter and removed during the dry sum- 
mer period. This method worked satisfactorily until the winter of 
1942-43 when, because of the retarding effect of industrial wastes on 
sludge digestion, it became necessary to pump excess fresh solids into 
the basin daily. Since the basin was then used as an unheated diges- 
tion unit, the sludge could not be removed during the summer of 1943 
and as a consequence the basin was filled by the end of August, 1943. 
It became necessary to construct a second basin with a capacity of 250,- 
000 cubic feet. On August 30, 1943, the basin was completed and ready 
for operation. Early in September the industrial wastes received at 
the plant affected the digesters to such a degree that both primary di- 
gesters had to be emptied into the newly constructed basin, occupying 
30 per cent of the available capacity. Shortly thereafter, three settling 
tanks had to be operated to maintain an effluent satisfactory to the State 
Health Department, causing an additional increase in volume of sludge 
retained. At the same time a large volume of industrial wastes was 
again diverted. Despite the diversion of industrial wastes, the increase 
in fresh solids collected made it necessary to discharge 800 cubic feet 
of fresh solids daily into the storage basin. 


Gas PropuctTion 


The gas collected has an average heat value of 650 B.T.U. per cubic 
foot. It is used for heating the buildings and digestion tanks and 
serves as fuel for the gas engines driving the main sewage pumps, which 
lift the entire sewage flow into the settling tanks. With normal func- 
tioning of the sludge digestion processes the gas production ranges 
from 70,000 to 100,000 cubic feet a day, depending upon the quantity and 
character of the fresh solids placed in the digesters. The average 
quantities of gas collected during the 1940-48 period, together with the 
amounts of gas produced per pound volatile matter collected and added 
to the digesters, are shown in Table III. The average daily gas collec- 
tion increased during the first two years under consideration, but de- 
creased sharply during 1943. The daily loacings to the digesters, ex- 
pressed in pounds volatile matter, were only 4 per cent less in 1943 than 


TaBLE IIJ.—Average, Maximum, and M inimum Quantities of Gas Collected in Cubic Feet 























1940 1941 1942 1943 
AVEPORO MANY. OR Ah 67,000 76,500 68,400 46,400 . 
Wixi ter day. 3c od ae a a 79,400 116,000 124,000 99,000 
Minin per Gay 65.5023 new ioes OY 10,000 53,000 11,000 0 
Gas per Ib. volatile matter collected...... 9.6 9.7 9.0 4.44 
Gas per lb. volatile matter to digesters. ... 9.6 9.7 ‘ 10.0 6.85 
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in 1940, but the average daily gas production was reduced by 31 per 
cent. During the entire period of four years, daily gas production fluc- 
tuated greatly, as indicated by the minimum and maximum figures. 
These fluctuations occurred more or less in cycles, gas production gradu- 
ally decreasing until a low figure was reached, when the load on the 
digesters would be temporarily reduced. It is clear, however, that the 
reduction in gas production was not the result of reduced loading. Gas 
production per pound of volatile matter added to the digesters in 1948 
was 27.5 per cent less than in 1940. This reduction in gas production 
was caused by the industrial waste in the sewage. The specific effects 
of the wastes on the digestion process are indicated by the experiences 
during the four years. 

During September, 1940, an abnormal reaction in the sludge diges- 
tion process was indicated by a gradual decrease in daily gas production 
and by the digesting sludge turning acid. Plant operating records re- 
vealed a gradual dropping in pH values of both fresh solids and raw 
sewage, which led to the belief that this was caused either by mineral 
acids in the sewage or poisonous substances affecting biological action, 
or by both. 

Hourly determinations on sewage samples at the plant and at vari- 
ous points in the trunk sewer showed the presence of large quantities 
of ‘acid wastes. Conferences were held which resulted in a temporary 
diversion of a large volume of acid wastes. After an extensive survey 
the wastes were neutralized at the source and again discharged into the 
trunk sewer. Some time after the neutralized waste was treated at the 
point of discharge, gas production again began to drop and the digest- 
ing sludge became acid. Investigation showed that the difficulties were 
not caused by either excess acidity or excessive quantities of solids 
placed in the digesters. The retarding action was caused by toxic 
or poisonous materials present in the wastes received. The poisons 
thought to be responsible were removed from the wastes and the di- 
gesters recovered. During January, May, July, and August, 1943, dif- 
ficulties were again experienced, primarily in reduction of gas produc- 
tion. Finally in September, 19438, the sludge digestion process broke 
down completely. A large volume of wastes was again diverted from 
the plant. 

The effect of the waste without the toxic materials is shown by the 
following figures comparing the average daily digester loadings and 
gas production over a period of eleven months with the loadings and 
gas production over a period of nine preceding months when all waste 
was diverted: 























Sludge to Digesters Gas Production 
Cu. Ft. | Lbs. Solids Cu. Ft. per Day Cu. Ft. per Lb. Solids 
Waste Out. 2... 0.4... 2665 10,350 73,775 7.14 
ES 1810 6,875 45,100 6.51 
Per Gent Thess ........ 40.0 32.4 33.8 8.9 
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The results show that the waste apparently affected gas production 
in two ways: (1) reduction in total gas production by one-third on 
account of reduced dry solids loading, and (2) reduction in gas produc- 
tion from equal quantities of dry solids. The acid wastes were neutral- 
ized with lime at their source during the period under consideration, 
but contained small quantities of solvents. The results led to the con- 
clusion that about 15 per cent of neutralized acid waste containing ¢ 
few parts per million of solvents in the total flow of sewage, affected 
digestion to such a degree that about one-third less dry solids could be 
handled by the digesters and this, in turn, caused subsequent equal de- 
crease in total gas production. In other words, the digestion capacity 
required was increased materially and excess sludge was stored in 
lagoons. 

Previous to diversion, the loading on the digesters had been gradu- 
ally reduced from a normal 3,000 cubic feet of sludge a day to 1,770 
cubic feet, resulting in a reduction in the sludge digestion facility of 41 
per cent. The relation between sewage flow, gas production, and solids 
collected and digested over a period of 40 months, including periods 
when large volumes of waste were handled and diverted, is shown 
eraphically in Figure 2. From the plant records it appeared: that a 
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FiguRE 2.—Relation between total and volatile solids and percentage suspended solids removal, , 


and detention time. 


maximum loading of 3,000 cubie feet of sludge a day could be handled 
temporarily, suggesting that the ‘‘danger zone’’ was about 2,900 cubic 
feet of wet sludge a day. With the method of operation practiced the 
concentration of fresh solids collected is rather constant. Analysis 
shows the following daily averages of total solids and volatile matter: 
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Total Solids Volatile Matter 
Per Cent Per Cent 
SODA ea iw eins «ku box bo 7.57 69.7 
ES Pe on ere cece ct ie kai 1.24 68.5 
1 tS TR AES Sere ee Sea a 6.50 71.1 
Ge eee ene ee 6.59 72.9 


It will be noted that the sludge concentration which could be obtained 
decreased gradually with the increase in percentage of industrial wastes 
received. This placed an additional burden on the digestion and sludge 
drying facilities. The increase in volume of sludge has an important 
relation to supernatant liquor removal (see below). 


Laporatory Digestion EXPERIMENTS 


To confirm the plant results and to determine specifically the effects 
of the wastes and indicate the allowable loadings on the digesters, ex- 
tensive laboratory experiments were made. Samples of sewage were 
obtained in the trunk sewer at various places, the solids settled and 
added daily to a series of digesting mixtures and the gas collected. 
Similarly, samples of wastes were collected and added in varying pro- 
portions to sewage solids primarily of a domestic source. It was soon 
found that the sludge obtained from wastes affected the rate of diges- 
tion and total gas production. The general conclusions drawn from 
the experiments were that: 


1. Certain wastes are detrimental to the digestion processes. 

2. The retarding effect of various wastes may be the results of: (a) 
waste from one or more individual manufacturing processes, (b) a com- 
bination of wastes from two or more processes, (c) interaction of 
wastes with domestic sewage and (d) a proportionately large volume 
of wastes as compared with domestic sewage. 

3. Digestibility of industrial waste sludges is not comparable to that 
of domestic sewage sludge. 


EFrect on SuupGE VoLUME 


The average removal of suspended solids varies with the detention 
time. The longer the settling time, the greater the percentage removal. 
With the detention time reduced to less than half, a material reduction 
in removal could be expected with subsequent lower volumes of sludge. 
The average daily volume of sludge collected varied as follows: 














Volume of Sludge Produced 
hin Detention Time 
Year a (Hrs.) , With Equal Amounts of 
Cu. Ft. per Day Cu. Ft. per M.G. Susp. Solids Removed 
(Cu. Ft. per M.G.) 
1940 6.5 "2139 276 212 
1941 5.4 2561 319 239 
1942 2.6 2642 268 278 
1943 2.9 3100 294 267 
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The volume of sludge collected per million gallons of sewage treated 
did not decrease with the material reduction in detention time, although 
the percentage suspended solids removal based upon p.p.m. decreased. 
The volume of sludge for equal quantities of suspended solids removed 
increased. This was not caused by an increase in the strength of 
sewage, which on the basis of suspended solids in the raw sewage was 
less in the two years with low detention times than in the years with 
a greater detention time (Table IV). The average figures for the years 


TaBLE IV.—Average Daily Sludge Removal With Different Detention Periods 











Detention Removal Sludge Removed | Dry Total Solids | Dry Volatile Solids} Time Operation 
(Hrs.) (Per Cent) Cu. F abs. (Lbs.) (Months) 
1.50 56 2,165 9,413 6,646 5 
4.12 60 2,655 10,450 7,430 19 
6.30 67 2,860 12,460 8,775 13 























do not accurately show the increase in solids volume, because of diver- 
sion of large volumes of industrial flow during part of some years. For 
this reason, two periods were selected when the detention time was ap- 
proximately the same but the volume of industrial wastes was different. 
From April 1 to August 31, 1940, which is the period selected as being 
representative of plant operation before abnormal increases in indus- 
trial activity caused a large increase in industrial waste, the average 
daily volume of solids collected amounted to 2,450 cubic feet a day. If 
this quantity of sludge is taken as normal and industrial activity is 
assumed to have increased proportionally to the rise in population, the 
daily amount of sludge for the period November 1 to December 31, 1943, 
should have been 2,800 cubie feet. In effect, the actual amount collected 
was 3,600 cubic feet a day plus about 600 cubic feet diverted, a total of 
4,200 eubie feet per day, or an increase of 50 per cent. The 50 per cent 
increase in sludge volume compares with 11.9 per cent increase in popu- 
lation and 26.6 per cent increase in flow. 

The principal reasons for the increase in sludge volume appear to 
be threefold: 


1. Coagulation of finely divided suspended solids which, incidentally, 
increased the percentage volatile matter in the sludge, 

2. Quantities of sludge present in certain wastes, 

3. Chemicals which retard compaction or cause expansion of the 
sludge. 


Revation BetwEEN DetentTION TIME AND QUANTITY OF SLUDGE 


The relation between the detention time in the settling tanks and the 
volume of sludge, as well as the dry solids and volatile matter retained, 
is of general interest. By segregating the results obtained during 
periods when 1, 2, or 3 settling tanks were in operation, some facts be- 
come apparent which are not readily appreciated when only the differ- 
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ence in the percentage removal is taken into consideration. In Table 
IV the average results are compared with varying detention periods. 
The theoretical detention periods were calculated from the actual flow 
measured and averaged for monthly periods; the results on the volume 
of sludge removed are based on daily measurements, and the total dry 
solids and volatile matter removed are based on daily analyses made 
on composites of samples taken at 10-minute intervals during pumping. 

The percentage removal with more than double the detention period 
indicates only a 4 per cent increase on the basis of p.p.m. suspended 
solids removal, whereas the increase in volume of the sludge removed 
daily amounted to 23 per cent. The increase in suspended solids as 
ordinarily recorded and the volume of sludge and the quantity of solids 
over the 1.5-hour detention time were as follows: 


RO ONNRNTOER MERINDTOMNENSS 82S od Canc bons o'y 00d oe ve pow le ese 4.12 6.30 
Per cent increase detention time...................... 275 420 
Per cent increase volume of sludge.................... 23 31 
Per cent increase total dry solids..................... 11 31 
Per cent increase dry volatile matter.................. 12 31 
Per cent increase removal suspended solids............ 4 11 


It is evident that the increase in sludge volume and solids removed was 
appreciably greater than that indicated by the percentage removals of 
suspended solids, based on p.p.m. There was, however, no direct rela- 
tionship between the time required to produce the greater removals and 
the actual quantities of sludge. In other words, the causes which ex- 
erted the effect were not operative at a constant rate. The general 
relationship between total and volatile solids removal, percentage sus- 
pended solids removal, and detention time is illustrated in Figure 3, 

The effect of the industrial wastes may overbalance the effect of the 
detention time. This is indicated by results obtained during a six- 
month period when about 83 per cent of all the industrial waste was by- 
passed as compared with a period of seven months when all industrial 
waste was handled. During both periods the detention time was prac- 
tically the same, hence, the volume of sewage received was the same, 
but of a different character. The average daily results for these two 
periods were as follows: 











Waste Detention Time Sludge Volume Dry Solids Volatile Solids 
. (Hrs.) (Cu. Ft.) (Lbs.) (Lbs.) 
UT Be ero tg are 2.97 2,325 7,584 6,494 
MA Et nei ee eons eee 2.92 2,516 10,299 7,380 
Per Cent Increase... .. — 9.5 26.4 12.0 

















With the same detention time the handling of industrial wastes re- 
sulted into 9.5 per cent more sludge by volume and 26 per cent more dry 
solids. In view of the fact that the wastes contained about the same 
amounts of suspended solids as the domestic sewage, it is clear that the 
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wastes caused considerable precipitation of the more finely divided 
material and probably some dissolved substances. It is of interest that 
these acid wastes, pretreated by lime for neutralization, caused precipi- 
tation of solids which carried down the inert materials as well as the 
volatile solids in suspension which ordinarily would not settle. These 
solids required space in the digesters and reduced the digestion capacity 
in addition to the larger quantities of volatile solids removed from the 
sewage. With increased detention time, more of the flocculated mate- 
rial settles, hence larger volumes of sludge and greater amounts of dry 
solids are retained. The wastes effected the removal of solids pri- 
marily by: (1) coagulation of finely divided suspended solids, and (2) 
precipitation of soluble material. 
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FiaurE 3.—Relation between flow, solids retained, and gas production during two periods 
when large volumes of trade wastes were treated and diverted. 


Errect on Dicestion TIME 


The effect of the wastes on the digestion process has been briefly 
discussed above but the actual effect on the time required for the diges- 
tion of equal quantities of sludge deserves further consideration. _ For 
comparison, three periods were chosen, as follows: (1) 20 months when 
relatively small quantities of industrial wastes were present (about 8 
per cent of total flow), (2) 13 months when all wastes were handled 
(about 18 per cent of the total flow), and (3) 10 months when nearly all 
of the wastes were diverted and a fairly normal domestic sewage was 
treated with small quantities (about 3 per cent) of diversified indus- 
trial wastes. 
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The system of sludge digestion tanks, consisting of two primary and 
two secondary tanks, has been operated by the usual method of charging 
the primary tanks with raw sludge. The quantities of raw sludge 
added daily were averaged for the three different periods, and the re- 
sults, together with other pertinent calculations, are shown in Table V. 
When only a small amount of industrial waste was present the volume 
of sludge handled in the primary tanks averaged about 2,800 cubic feet 
per day or about 8,168 pounds of dry volatile matter. These amounts 
allowed an average detention period in the primary tanks of slightly 
more than 23 days. When the industrial waste percentage present in 
the sewage increased to 8 per cent, the volume of sludge and quantities 
of volatile solids handled in the digesters decreased only 4 to 5 per cent, 


TaBLE V.—Digestion Time Required With Varying Quantities of Industrial Waste Present 

















Period 1 2 3 
Amounts of wastes in sewage, per cent............. 00.000 eee 8 18 3 
Length of time, monthsoperation. ...............6...000000ee 20 13 10 
Sludge added to digesters, cu. ft. per day..................005. 2,628 1,260 2,812 
Dry solids added to digesters, Ibs. per day....................- 11,265 5,220 10,996 
Vol. solids added to digesters, Ibs. per day...................5- 7,837 3,710 8.168 
Ave. detention In digesters, days..............0000cccceeeeeee 28.5 60.0 23.1 
Dry solids per cu. ft. digester capacity, lbs. per day............ 0.151 0.70 0.147 
Vol. solids per cu. ft. digester capacity, lbs. per day.............] 0.104 0.49 0.109 











but when the amount of industrial wastes increased to 18 per cent of 
the total sewage flow the volume of sludge and the quantity of volatile 
solids which could be handled by the digesters were reduced to less than 
half. 

The load added to the digesters with rather normal sewage amounted 
to more than 0.1 pound volatile matter daily per cubic foot of primary 
digestion capacity; with 8 per cent industrial waste present the diges- 
tion time was increased by 19 per cent, although only slightly less vola- 
tile matter was added, but with an average of 18 per cent industrial 
waste in the sewage the digestion time was increased 260 per cent. 
Under normal conditions the raw sludge was kept in the primary di- 
gesters an average of 23.1 days, but with larger volumes of industrial 
wastes the retention time had to be increased to 60 days. Even after 
60 days’ retention, the sludge was not digested and the secondary tanks 
had to be converted into primary digesters. 

The effect of increased quantities of industrial waste in prolonging 
digestion time was primarily due to: 

a. Retardation of biological activities, 

b. Deterioration of seed sludge, 

c. Poor separation of liquor. 





wt 








Vol. 17, No. 4 EFFECT OF INDUSTRIAL WASTES 705 


EFrect oN SuPERNATANT Liquor 


Proper separation of sludge from the liquid is an important factor 
in separate sludge digestion practice. This phase of operation has re- 
ceived some attention from a research standpoint, and is frequently 
referred to by operators. Failure to attain proper separation of sludge 
and liquor leads to decreased available digestion capacities and subse- 
quent difficulties in operation. From an operator’s standpoint sepa- 
rate sludge digestion should be considered from two angles: 


1. Maximum safe loading of the digesters to insure rapid digestion 
and the greatest possible liquid separation, 
2. Load to be placed upon final sludge disposal facilities. 


Liquid separation in digesters operated at fairly constant tempera- 
tures varies with the quantities of fresh solids added to the digesters, 
the rate of digestion accomplished and the capacity of the tanks. -Un- 
der normal digestion conditions the amount of supernatant that can be 
obtained is directly related to the quantity of raw solids added to the 
digesters, because the tank space available is fixed. In another paper 
the relation between loading of digesters and supernatant production 
is diseussd in greater detail (1). 

The general relationship between supernatant liquor removal and 
raw sludge additions at the Rahway Valley Joint Meeting plant is illus- 
trated in Figure 4. It is evident that the volume of a relatively clear 
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Figure 4.—General relation between supernatant removal and solids additions. 


supernatant (average suspended solids 2,000 p.p.m.) decreases rapidly 
with increased loading of fixed capacity digesters. When the biological 
activities in the digesters are affected by industrial wastes, or the quan- 
tity of solids in such wastes increases the total volume of sludge to be 
handled, the volume of supernatant liquor decreases. On the other 
hand, when the volume of sludge added to the digesters decreases be- 
cause of its effect on the digestion processes the material must be kept 
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longer in the tanks and the volume of supernatant liquor increases be- 
cause less disturbance takes place and a longer time is allowed for sepa- 
ration of solids and liquid. At the Rahway Valley sewage treatment 
plant, with careful operation and optimum loading, as much as 50 per 
cent of the volume of fresh solids added can be removed as clear super- 
natant liquor. To have sufficient room for fresh solids to be added, 
the maximum loading may be considered to have been reached when 
about 40 per cent of the volume added can be withdrawn as supernatant 
liquor. Calculating the percentage supernatant drawn during the three 
periods under consideration for equal primary digestion times, we 


find : 


Waste Présent Supernatant Drawn Ave. Supernatant Removed 
(Per Cent) (Per Cent) (Cu. Ft.) 
LES SRA eee ee ee 50.6 1423 
eer Suis oa wioaere 37.0 1205 
SSS 4993 9 Pee eae 21.0 847 


Since the loadings were not constant, the actual volumes of supernatant 
removed do not present an accurate picture, hence the removals were 
caleulated on an equal digestion time basis, using the sewage with the 
least amount of industrial waste as a basis. It is evident from the 
figures that increased amounts of waste exerted a material effect upon 
liquor separation. 

The factors affecting liquor separation are primarily: (1) the initial 
concentration of raw sludge added, (2) the time of storage in the tanks, 
(3) the temperature of the sludge. At the Rahway Valley sewage 
treatment plant chemical industrial wastes affected biological activities 
in the digestion processes, and the reduction in the rate of digestion 
resulted, in turn, in relatively poorer liquor separation. 


Souips 1n SEWAGE 


The quantities of suspended solids present in the raw sewage varied 
in general with the volumes of industrial wastes treated. The total 
quantities of dry solids retained also varied with the amounts of indus- 
trial waste present. The amounts of dry suspended solids present in 
the raw sewage and the quantities of total dry solids retained by set- 
tling during the four years under discussion were as follows: 


Suspended Solids in Total Solids 
Raw Sewage Retained 
Year (Tons) (Tons) 
Dee ed oe bie aleid a ahis sere 2020 1840 
CRD ot ea sick owe eee 2600 2100 
Ree Sse ckhass ears were 2405 1955 
PRES OE os cainin tie on ad an SSS 2720 2325 


The dry suspended solids cannot be directly compared with the total 
dry solids retained, because the wastes precipitate some finely divided 
and soluble substances and considerable quantities of lime were added 
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for neutralization. We are, however, primarily interested in the in- 
crease in suspended solids produced by the contributing population and 
the quantities of total solids retained for further treatment. We do 
not have available accurate population figures for the years 1941 and 
1942, but do have the 1940 United States Census figures and the number 
of ration books issued during November, 1943. On the basis of these 
figures the average suspended solids present in the raw sewage in 
pounds per day and the total solids retained per day were as follows: 


Year Suspended Solids Total Solids Retained 
rei ieee eer cret Kore ahr 11,300 10,000 
RI eae ai re saan Rete ee eee 14,700 12,840 
Per Cent Increase. «0.6 oe as 30.0 28.4 


The increase in population between January, 1940, and November, 
1943, amounted to 8.6 per cent, whereas the average suspended solids 
in the raw sewage increased 30 per cent and the total solids retained 
showed about the same percentage increase as the suspended solids in 
the raw sewage. The increase in population was caused principally by 
an increase in industrial activity. It is evident that the increases in 
suspended solids present and the total solids retained were not propor- 
tional to the increase in population. The increase in suspended solids 
in the sewage as well as the increase in total solids retained appears to 
he caused by: 


1. Expansion of the wet industries, 
2. Solids retained by the coagulating effeet of the wastes received. 


These conclusions are supported by the amounts of suspended solids 
and total solids retained when expressed in pounds per capita per day: 


Year Susp. Solids in Sewage Total Solids Retained 
OT as ane ok Nard eee 0.166 0.146 
Re i aes WEE Seas 0.214 0.173 


Operation results have shown (1) that the optimum loading of the 
digesters at the Rahway Valley plant amounts to 0.1 pound solids per 
cubie foot primary digestion capacity or 0.05 pound dry solids per cubic 
foot, based on the total digestion capacity, to insure adequate super- 
natant liquor withdrawal and concentrated, well digested sludge. The 
amount of dry solids retained amounted in 1940 to 0.146 pound per 
capita, therefore, the digestion capacity required was nearly 3 cubic 
feet per capita. With the increase in industrial activity the digestion 
capacity required increased to nearly 3.5 cubic feet per capita, whereas 
the digesters retained their fixed digestion capacity of 2 cubic feet per 
capita; based on a population of 75,000. It is evident that the increased 
industrial activities resulted in insufficient capacity which was made 
more acute by the type of industrial wastes received. 
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Errect on Stupce Dryine 


Digested sludge is dewatered on six open sand beds with an area of 
37,500 square feet and four glass covered sand beds with an area of 
19,800 square feet. The design population capacity is 77,100. Our ex- 
periences have not justified the drying areas provided of 1 square foot 
per capita for open beds and 0.5 square foot for glass covered beds, 
particularly during the winter months. Drying and removal of sludge 
from the beds can generally be scheduled from April to November, but 
from December through March removals are unpredictable. Freezing 
of the sludge and sand when temperatures are low and thawing of the 
sludge to a molasses state when temperatures rise do not permit proper 
drying or removal of sludge during this period. 

With the increase in sludge volume an attempt was made to reduce 
the drying time by the addition of alum. Addition of alum aided dry- 
ing and enabled the handling of more sludge, but the volumes of sludge 
continued to increase. 

The dried sludge is disposed of by use for agricultural purposes at 
a nearby reformatory. Since the sludge drying facilities were inade- 
quate, the Joint Meeting purchased a 1,000 gallon tank to cart liquid 
digested sludge to the farmland. This procedure helped to relieve the 
conditions, but soon a large storage basin had to be constructed, which 
was later followed by a still larger basin. 

The effect of the industrial waste on sludge drying is primarily in- 
direct and caused by: 


1. Retarding the digestion of sludge and thereby reducing the de- 
eree of digestion and consequently reducing the drainability of the 
sludge. 

2. Decreasing the density of the sludge in the digesters and thereby 
increasing the volume of sludge to be handled, resulting in further re- 
ducing the sludge digestion capacity available and subsequent larger 
volumes of sludge. 

3. Dispersion of fine sludge particles and making supernatant liquor 
separation more difficult. 

4. Resettling of poor supernatant liquor resulting in rehandling of 
sludge and larger volumes of sludge. 


SuMMARY AND CONCLUSIONS 


The Rahway Valley Joint Meeting sewage treatment plant, which 
receives the sewage of nine municipalities, has experienced the effect 
of varying quantities of industrial wastes during the last several years. 
The types of wastes as well as the quantities treated varied materially 
and could be divided into five general groups. The wastes noticeably 
affected sedimentation, sludge volumes, digestion, gas production, and 
sludge drying. 

Extensive laboratory experiments made to check plant operation 
showed that the digestion processes were retarded because of the quan- 
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tity of waste, toxic substances, combinations of various wastes, and in- 

teraction of domestic sewage with waste. The digestibility of indus- 

trial waste sludge was not comparable to domestic sewage sludge. 
Plant results showed that the industrial wastes affected: 


1. The sludge volume, because of (a) coagulation of finely divided 
material, (b) quantities of sludge present in the wastes and (c) retarda- 
tion of compaction on expansion of the sludge. 

2. The sedimentation detention time, by coagulation of suspended 
solids and precipitation of soluble materials. 

3. The digestion time, because of (a) retardation of biological activi- 
ties, (b) deterioration of seed sludge and (c) poor separation of liquor. 

4. The supernatant liquor separation, which decreased with increas- 
ing quantities of wastes. 

5. The total solids, which increased markedly with the increase in 
industrial flow and the coagulation effect of the wastes on the sewage 
solids. 

6. Gas production, by toxie substances, and after their removal, by 
neutralized acid wastes contaming small quantities of solvents. 

7. Sludge drying, because of (a) the retarding effect of the wastes 
on digestion, (b) reduction of the drainability of the sludge, (c) de- 
crease in density of the sludge and (d) dispersion of fine sludge 
particles. 

8. The most important effect of the wastes was on sludge digestion 
with subsequent lower digester loadings and loss of gas. 
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SOME EARLY STEPS IN SEWAGE TREATMENT * 


By Cuarues A. Emerson 


Havens and Emerson, Consulting Engineers, New York City 


It is fitting occasionally to consider origins and to review progress. 
This paper, accordingly, seeks to outline the beginnings and the growth 
of sewage treatment in the United States—its extent and the direction 
which it has taken. 

At the present time there are about 6,000 sewage treatment plants 
in the United States, serving some 40,000,000 of our people, but the 
records indicate that in 1885, only sixty short years ago—a date within 
the life span of many in this room—there was not in operation anywhere 
in this country a single municipal sewage treatment plant which had 
been constructed primarily for protection of the public health. 

The few plants existing at that time were either small sewage farms 
at scattered state institutions or absorption fields located in arid sec- 
tions of the West where the sewage was used for irrigation purposes. 

This was in direct contrast to conditions in England, where govern- 
mental agencies had been active for thirty years, and through establish- 
ment of permissible limits for stream pollution and issuance of uniform 
regulations had brought about the installation of over 200 sewage farms 
and some 50 chemical precipitation plants. 

Our apparent lag in sewage treatment plant construction was not so 
strange as it appeared on the surface. Conditions here differed greatly 
from those in England; our population was not so dense and our rivers 
were larger. Concept prevailed that sewage treatment was primarily 
for the purpose of elimination of nuisance and it was but natural that 
leading engineers should endeavor to ascertain and develop the possi- 
bilities of our rivers for inoffensive assimilation of sewage by dilution— 
a method of abatement which apparently had received little or no atten- 
tion abroad. 

However, not all of our centers of population were located on large 
rivers where adequate dilution was available. In many areas, such as 
in southern New England, relatively small rivers received dispropor- 
tionately large volumes of sewage and putrescible trade wastes from 
numerous cities and towns, textile mills, tanneries and other industries, 
with the result that stream conditions became intolerable. 

Typhoid fever was generally prevalent. While the germ theory of 
disease had recently been clearly substantiated, it was not fully appreci- 
ated nor understood and many still adhered to the popular fallacy that 
running water of a stream would purify itself in some seven miles of 
travel over a sandy or rocky stream bed. There was unrest among 
politicians and indecision among men of science. 
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While the results of some notable investigations as to the cause of 
epidemics had been published in official reports, there were no general 
American treatises on water pollution or sewage treatment. Only a 
few had aecess to the several reports of the British Royal Commissions 
on Sewage Disposal, or had been fortunate enough to visit Europe and 
obtain a clearer knowledge of sanitation developments abroad. 

In the midst of these chaotic conditions, the Massachusetts Legis- 
lature of 1886, under urge of the earnest recommendation of a special 
investigating committee, enacted a law placing the general control of 
inland waters of the Commonwealth under jurisdiction of the State 
Board of Health, and making an appropriation for the employment of 
engineers and others to conduct experiments to determine the best prac- 
ticable methods for purification of drainage and sewage. | 

Pursuant to the provisions of this act, an experiment station, con- 
taining some 20 experimental filters and equipped with chemical and 
hacteriological laboratories, was established at Lawrence and placed in 
operation in 1887. 

The importance of this step should not be overlooked. It was the 
first time in the history of sewage treatment that engineers, chemists 
and biologists were given opportunity to work together under expert 
leadership with one end in view—the promotion of the public health. 

Immediately, there was instituted a series of investigations of the 
true nature and the mechanics of sewage filtration; investigations 
which, during the next 20 years, accomplished more than any other 
studies, either here or abroad, to place sewage treatment on a sound, 
scientific basis. Experiments undertaken, almost at the start, paved 
the way for development in later years of the contact bed, the sprinkling 
filter and, perhaps, the activated sludge process. Important as were 
these developments, the greatest contribution to the art of sewage treat- 
ment was the clear and forceful demonstration of the basic fact that 
sewage filtration is not merely a mechanical straining but a biological 
and chemical process of delicacy, involving the gradual transformation 
of dead organic matter by living organisms working in the presence of 
oxygen. 

Lawrence Experiment Station did more than provide answers to cer- 
tain specific problems which were then pressing for solution. It defi- 
nitely demonstrated the value of the coordinated effort of men trained 
in kindred branches of science and it set a precedent which during the 
next few decades resulted in establishment of sewage testing stations 
throughout the country to investigate and report on the applicability 
of certain processes to local conditions, in order that the municipal of- 
ficials might have reliable data on which to base designs. 


MILESTONES OF PROGRESS 


The development of the art of sewage treatment has been so rapid 
and complex and has been furthered by so many workers that to attempt 
even the barest outline, in the short time available, manifestly would be 
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impossible, but we may be helped by passing note of some of the mile- 
stones along the route. 


Intermittent Sand Filtration 


Earlier investigators on the Continent and in England had grasped 
the basic fact that micro-organisms played some part in sand filtration. 
However, the Lawrence demonstration that controlled application of 
sewage in intermittent doses on prepared, underdrained beds of sand 
would accomplish the continuous purification of municipal sewage was 
so convincing, and so definitely explained the biological processes which 
were involved, that intermittent sand filtration has since been accepted 
as an American development. 

Practical results were forthcoming. Framingham soon completed 
a plant containing approximately 12 acres of filters and Brockton fol- 
lowed shortly after with a somewhat larger plant. Within a few years 
there were over 30 plants in New England and as many more elsewhere 
in the United States. Even today, the process merits regard as a fin- 
ishing process, provided the filters are not overloaded and necessary 
labor can be furnished for cleaning the beds. 


Chemical Precipitation 


Today, we are accustomed to think of chemical precipitation as a 
highly specialized method for treatment of industrial wastes or for 
occasional use where it is desired to provide a degree of purification 
between plain sedimentation and complete biological treatment. 

Such was not always the case, for at the height of its popularity in 
England and Scotland, during the last decades of the past century, some 
200 chemical precipitation plants were in operation, treating upwards 
of 700 million U. S. gallons of sewage daily. The wide adoption of 
chemical precipitation abroad was due largely to government require- 
ments that industrial wastes, as well as sanitary sewage, be treated be- 
fore discharge into the streams, and to definite recommendation favor- 
ing this mode of treatment as a preliminary to land filtration. 

This latter stimulus was lacking in this country, and chemical pre- 
cipitation was adopted by only a few summer resort communities, the 
Village of East Orange, N. J., the 1893 World’s Fair in Chicago, and 
two large cities where special conditions prevailed—Worcester, Mass., 
where the sewage contained acid-iron wastes from pickling processes 
in the wire mills, and Providence, R. I., where the sewage contained 
wool grease and dye wastes from the textile mills. 

Both of these latter plants were patterned after British designs, and 
consisted of a screen chamber, baffled chemical mixing flume, series op- 
erated settling tanks and sludge presses. The effluents were of satis- 
factory clarity, but only modest reduction of dissolved organic matter 
was obtained. At Providence, where discharge was in tidal water, the 
treatment was sufficient, but at Worcester sand filters were added in 
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order to maintain inoffensive conditions during periods of low flow in 
the Blackstone River. 

Although all these early plants have been replaced by new installa- 
tions employing other methods of treatment, they must be remembered 
in our annals as signalizing development of special processes of sewage 
treatment which could be made applicable to particular needs. Fur- 
thermore, data relative to the value of different precipitants and meth- 
ods of conditioning sludge for dewatering, which were painstakingly 
collected at Worcester and Providence during their many years of serv- 
ice, still have value. 

It is worthy of particular note that, from the start, both of these 
plants were under charge of full time graduate engineers and chemists, 
thus constituting our first recorded service by technical sewage treat- 
ment plant operators. 


Preliminary Treatment 


In the earliest filter plants, there were no preliminary treatment fa- 
cilities other than rack screens and small grit chambers. The solids 
removed from the raw sewage by filtration necessitated frequent clean- 
ings of the beds and investigators in France, England and this country, 
impressed by the liquefaction of sewage solids in the ordinary house- 
hold cesspool, were experimenting with a variety of sealed tanks. 

Suecess rewarded the efforts of Donald Cameron of Exeter, Eng- 
land, and in 1896 he introduced the septic tank for scientific control of 
anaerobic putrefaction of sewage solids. , 

While the end results of septic tank treatment frequently were un- 
satisfactory, both as concerns quality of effluent and of sludge, the proc- 
ess had merit and was widely adopted in this country. 

Then came the Saratoga Springs law suits for recovery of royal- ‘ 
ties—suits which, after extended litigation, were terminated in Janu- 
ary, 1908, by a U. S. Cireuit Court of Appeals’ decision in favor of the 
Cameron Company, American patentees. 

It is a matter of speculation whether progress in the art of sewage 
treatment was fostered or hindered by the decision of this high tribunal. 
Certain it is that American engineers had little sympathy with the large 
royalties demanded by the patentees and they set about to circumvent | 
such of the process and apparatus claims as had been upheld. One of j 
these innovations was embodied in the Baltimore sewage treatment 
plant and consisted of three separate, uncovered tanks 105 feet square 
and 14 feet water depth, into which sludge deposited in the nearby set- 7 
tling tanks was pumped by centrifugal pumps for digestion. These 
were truly separate sludge digestion tanks. While after-search reveals 
that the method had been recommended for installation elsewhere at an 
earlier date, it is believed that the Baltimore tanks, which went into 
service in 1912, constituted the first actual full size installation of sepa- 
rate sludge digestion tanks in this and, perhaps, in other countries. 
Meanwhile, experiments were everywhere underway. In rapid suc- 
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cession we were introduced to the Hampton or Travis tank, the Imhoff 
tank and finally were led back to the single story settling tank. Each 
of these, as we know, offered relief from some faults of its predecessor 
but the road ahead still is not entirely clear. 


Trickling Filters 


The step from sand filters and contact beds to trickling filters was 
undoubtedly one of the most important advances in the art of sewage 
treatment. 

While this country can lay claim to the initial investigations of 
coarse grained filter media at Lawrence in 1898, and to establishment 
of the essential importance of the ‘‘slow movement of the sewage i 
thin films over the surface of the stones, with air in contact,’’ credit 
must again be given to British investigators for development of the 
modern, underdrained trickling filter, having stationary nozzles, rotat- 
ing arms or reciprocating type distributors. 

The American adaptation of the British installations, and particu- 
larly the solution of problems as to economic depth of stone, ability to 
withstand our northern winters, permissible loading and proper rates 
of operation were carefully developed in testing stations operated by 
Columbus, Ohio, and following cities during the first decade of this 
century, and by research sponsored by our universities, particularly 
that at the Sewage Testing Station of the Massachusetts Institute of 
Technology. 

The year 1908 witnessed the start of operation of our first three mod- 
ern municipal trickling filters, sizable plants at Reading, and Washine- 
ton, Pa., and a large ten-acre plant at Columbus, Ohio. The next large 
installation was at Baltimore where the first 12-acre unit was completed 
in 1912. Others, large and small, followed in rapid succession until at 
the close of 1940, the U. S. Public Health Service Reports show that 
nearly 1,600 trickling filters were in operation, equivalent to 58 per cent 
of all the plants in this country providing secondary treatment. 


That is, indeed, a rapid survey of the very real accomplishments at- 
tained during 60 years. It omits much—activated sludge, of course, 
contact beds, the developments in high rate filtration, sludge disposal, 
the utilization of gas, disinfection, special work in industrial wastes, 
‘and many other significant phases of the art and science of sewage 
treatment. Most of these can, however, be ascribed to recent days and 
can be viewed as the logical extension of the ‘‘early steps’’ which I have 
sought to place in perspective. 

Rather than to attempt to gauge the true worth of any of the newer 
methods, however, let us take a backward look over the road we -have 
traveled. 

While we may agree that England has truly and properly been desig- 
nated as the birthplace of modern sewage treatment, we should recog- 
nize that European developments would have benefited us but little if 
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they had been transplanted bodily without due regard for differences 
in climate, soil, economic conditions and standards to be met in this 
country. 

Realization thus comes that our early progress in sewage treatment 
and stream sanitation and likewise the impetus to sound methods of 
investigation was due to the unusual foresight, keen judgment and tech- 
nical skill of a mere handful of chemists, biologists and engineers who 
labored unceasingly for accomplishment of the purpose to which they 
had dedicated themselves—the promotion of the public health. In peril 
of some embarrassing omissions, I would, from the past, include among 
these: 

William T. Sedgwick of the Massachusetts Institute of Technology, 
biologist, epidemiologist, inspired teacher and lecturer on sanitary 
science. 

Leonard P. Kinnicut of Worcester Polytechnic and A. N. Talbot of 
the University of Illinois, professors of sanitary chemistry, authors and 
research workers. 

Col. George EK. Waring, civil engineer, proponent of the ‘‘separate 
system,’’ pioneer in the development of sanitary sewage disposal for 
isolated homes, and, in later years, the organizer of New York City’s 
‘White Wings.’’ 

Rudolph Hering, internationally famous civil engineer and hydrau- 
lician, courageous advocate of the Chicago Drainage Canal and other 
great projects for disposal of sewage by dilution. More than any other 
man, he seemed to possess unusual ability for assessing new develop- 
ments in Kurope and adapting them for use in this country. 

Allen Hazen, in charge of the Lawrence Experiment Station during 
its initial years, who by virtue of deep study, marked ability for clear 
thinking and a dominating personality, attained international fame as 
a hydraulician and hydrographer. 

George W. Fuller, who succeeded in charge at Lawrence and then 
undertook the important studies at Louisville which demonstrated the 
value of downdraft filtration, soon was embarked on his distinguished 
career as sanitary engineer and consultant. His sound judgment, great 
energy and pleasing personality carried him far. As author, con- 
sultant and friend he will long be held in reverent memory by many. 

Harrison P. Eddy, his keen ability for analysis of technical prob- 
lems, well ordered mind and talent for clear expression in speech and 
writings, characterized his long, distinguished and useful career in the 
sanitary engineering field. His unfailing courtesy and pleasant man- 
ner endeared him to all. 

George C. Whipple, the eminent sanitarian and authority on aquatic 
microscopy, author and teacher, was respected and admired by those 
who were privileged to know him. 

F. Herbert Snow, designer of the Brockton plant and the first to 
apply the principles embodied in our present systems of sewer rentals, 
followed his early work with an honored career as a state sanitarian. 
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T. Chalkley Hatton, who contributed so largely to the development 
of the activated sludge process of sewage treatment, through prelimi- 
nary investigations and experiments followed by courageous design and 
skillful operation of the Milwaukee sewage treatment works—the first 
large installation of this process in the United States. 

Kenneth Allen, whom we delight to honor, served his profession well 
in studies of pollution of tidal waters and in the development of the base 
plan for sewage disposal of this great City of New York. 

Robert Spur Weston, widely known for his successful solution of 
many industrial wastes pollution problems, will long be remembered. 

Frederick P. Stearns of Boston, Samuel M. Gray of Providence, 
John H. Gregory of Baltimore, James H. Fuertes of New York, R. 
Winthrop Pratt of Cleveland, John W. Alvord of Chicago, civil engi- 
neers and hydraulicians whose unusual abilities in preliminary. investi- 
gation and design, contributed greatly to development of the art. 


Gentlemen, such is our heritage. Well may we be proud of those 
who have preceded us. Our opportunity is just as great as theirs and 
the need as pressing. May we measure up to the tasks which are before 
us in this our chosen field of sanitation. 

Note: Factual material concerning early plants and processes was obtained in part from “Sewage 
Disposal in the United States,’ Rafter & Baker, 1894; “British Sewage Works,” M. N. Baker, 1904; 


early issues of Engineering News; Annual Reports of Massachusetts State Board of Health and early 
text books. Characterizations have been adjusted to published memoirs in some cases. 


Discussion 


By Wiiu1aMm R. CopeELaANnp 


Formerly Chemist on Original Staff at Lawrence Experiment Station 


In Mr. Emerson’s interesting article, he has emphasized the various 
phases of sewage disposal prevailing between 1885 and 1945. He pre- 
sents a partial list of the men who have been leaders in the field. To 
his roster should be added the following names: 

Dr. Wolcott, Chairman of the Massachusetts State Board of Health, 
who was mainly responsible for raising the funds to finance the Law- 
rence Experiment Station; 

Hiram F. Mills, the engineer who directed the type and scope of the 
experiments carried out at the Station; 

Dr. Drown, Professor of Chemistry at M. I. T., who supervised the 
details of chemical analyses and biological research conducted at the 
laboratory; and Harry W. Clark, who as Chief Chemist and later Di- 
rector, supervised the daily work performed at the Station. 

In 1895 the farmer’s practice of composting stable manure to make 
fertilizer for growing plants, the decay of meat, and the rotting of 
leaves in the forest were familiar to all. But just why these changes 
took place was an enigma. Louis Pasteur had pointed out that such 
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fermentation processes are brought about by hosts of minute living or- 
ganisms feeding upon the organic matter. It was due to the foresight 
and exact scientific training of such men as the author refers to that 
these vague ideas of ‘‘Nature’s methods’’ of destroying organic matter 
were reduced to formulae capable of control by man. 

Experiment at the Lawrence Station had much to do with solving 
these problems. For example, the researches there explained how com- 
plex organic compounds of nitrogen are broken down first into free am- 
monia and gaseous nitrogen, and then how these are later oxidized into 
nitrite and finally into nitrate. Mrs. Helen Richards, Assistant Pro- 
fessor of Chemistry at M. I. T. and noted expert upon foodstuffs and 
nutrition, and Mr. George Whipple were among the first to isolate the 
living organisms that carry out this oxidizing process. The complete 
eyele starts off with a period of fermentation, or rotting and decompo- 
sition of organic matter by which the elements of oxygen, carbon, etc., 
are plucked out from the organic matter. These processes were em- 
ployed by Cameron in his septie tanks, and are active in the farmer’s 
compost heaps. 

The farmer spreads this compost upon his fields or buries it in the 
top soil. There, groups of bacteria taking oxygen, etc., out of the air, 
oxidize the ammonia and nitrogen into nitrites and nitrates. To em- 
ploy this principle and at the same time multiply its effectiveness, ex- 
periments were made at Lawrence with many kinds of sands, gravels, 
coke, stones, slates, ete., through which air was forced by various meth- 
ods. It was while carrying out such tests that Clark developed the 
fundamental principle of activated sludge for purifying sewage. 

The farmer’s idea and activated sludge have one principle in com- 
mon. It is to carry oxygen to the oxidizing bacteria. The ideas differ, 
however, in that the former feeds the water to the bacteria stationary 
in the soil, whereas in the activated sludge process the finely divided 
sewage solids, coated by immense numbers of bacteria, are swept back 
and forth through the sewage in the presence of great quantities of air. 
Consequently, a sewage farm can handle only 100,000 gallons of water 
on an acre of ground, whereas an activated sludge plant can handle 
from 15 to 20 million gallons on an acre. Power motors, air blowers, 
pumps and machinery of many kinds have thus become the handmaidens 
of Nature’s methods of sewage disposal but, as great industries are 
built, new problems constantly arise. 

Therefore, research, experiment, and ingenuity upon the part of 
biologists, chemists, engineers and sewage plant operators must in the 
future build new and greater works upon the background so well estab- 
lished years ago by the pioneers in the field of sewage and trade waste 
disposal. 
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PLANT SCALE TESTS ON THERMOPHILIC 
DIGESTION * 


By A. J. Fiscuer ann R. A. GREENE 


Development Dept., The Dorr Co., New York City, and Chemist, Sewage Treatment Plant, 
Jackson, Mich., Respectively 


The rapid digestion of sewage sludge and trade wastes in the ther- 
mophilic range has been amply demonstrated in the laboratory and in 
pilot plant tests. Favorable results have been reported with digestion 
periods ranging from two to twelve days as against ten to twenty-one 
days for mesophilic digestion at 85°-95° F. 

Besides smaller digester volume requirements, it was claimed that 
thermophilic digestion gave a greater production of gas. Disadvan- 
tages cited were the difficulties in obtaining and maintaining thermophi- 
lic temperatures ; the production of a poor quality supernatant liquor ; 
and the production of an odorous digested sludge that was difficult to 
dewater. 

; Avrora TrEsts 


In order to determine whether these benefits and disadvantages 
would be realized in full plant scale operation, tests were conducted at 
Aurora, Ill., in 1931. In these tests a comparison was made of single 
stage mesophilic vs. thermophilic digestion of raw sludge at approxi- 
mately a twelve-day digestion period. In order to reduce the digestion 
period to this figure—measured on the basis of solids detention—it is 
necessary to carry relatively low sludge levels in the digestion tanks, 
which were 50 ft. square by 17 ft. in water depth. This necessitated 
accurate checks on the total solids content in each unit. Depth samples 
were collected daily at one- to three-inch intervals in the sludge blanket 
and immediately above it, for solids and volatile matter determinations. 
In order to keep the solids and ash content in the digesters approxi- 
mately constant, digested sludge was withdrawn daily in amount equal 
to the daily raw sludge additions, taking into account the reduction in 
solids due to digestion. 

The Aurora test results are summarized in Table 1. These results 
cover a period of sixty-two days after stable conditions were estab- 
lished. They indicate that slightly greater solids and volatile matter 
reductions were obtained with thermophilic digestion. Gas production 
figures and overflow liquor analyses indicate, however, that the appar- 
ent increased digestion is due to greater liquefaction and a higher vola- 
tile matter content in the overflow rather than to greater gasification. 

* Presented at Seventeenth Annual Meeting, New York State Sewage Works Association, 
New York City, January 19, 1945. 
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TaBLeE 1.—Mesophilic vs. Thermophilic Digestion 
Aurora, Ill., Tests 





90° 130° 





Raw Sludge: 

Total Dry Solids Added per Day—Lbs......................00000, 1,725 1,725 

[cea CYL 1a C1 ES SSS GUN ane a ee aes So ea Pe Rare 6.1 6.1 

PErCeRG VOI IV IRNCED 26 ooo ok bs ies oe bia eee OAT a 69.8 69.8 
Digested Sludge: 

Per Cent BONGS <6 6 esd + At A es anne Vek ent tReet ae ae Bd aT 5.90 8.65 

Per Cont Volatile Mater. .........5 54220250. 04: Ae See re: a? 53.3 50.9 

e U 

Sludge in Digester: 

Total Dry Solids—Lbs. . . . ng ne inant es ot Cie Peano!) 8 Ba 4 Seid dsis oe 21,590 

Per CentBolids.... 00.425 Wah amy Mantes Makes vin bad eto 0.79 0.81 

Per Cent ‘Volatile Matter. ... 00... 600 44. BATE, eee ae ia Ste eet 54.9 55.8 
Sludge Blanket: 

RN MEMOS SS eon Ook nce sisi Se CAS AO ieee pose coos tdie ape ieo ene 23 16 

Per Cent Sounds... ....6..... RSET tiem Ciena ee RO SR SINT Wot Ae a 4.6 8.2 

rer Cent Volatile Matter. ...5. 65.006. vesease eres. One e Pee err oy. 53.5 50.9 
Gas: 

OBEY TOC OUGN —AO ML ING coi iooes nd og okt he sala oe oh we LOE elas 12,990 13,220 

Dany, Production at: 90" B= Cal BGs ac ces leks cttw si eens 12,990 12,350 

PerGent COs 2 3.4...640 25466 Risa TES Ve eee a te : 29.4 29.7 
Per Cent Solids Proquction (Gale:) oss. e450 chet es ca aee ees sittoae 35.3 39.4 
Per Cent Volatile Matter Reduction (eale.).............. Ape aes ft a Ae 50.5 56.4 
Gas—Cu. Ft. at 90° F. per Lb. Vol. Matter Added................ a 10.8 10.3 
Gas—Cu. Ft. at 90° F. per Lb. Vol. Matter Destroyed.................. 21.3 18.2 
Ratio of Digested to Raw Solids Added Daily......................45. 12.2 12.5 
Ratio of Digested to Raw Vol. Matter Added Daily.................... 9.6 10.0 
Digester Loading—Lbs. Solids Added per Cu. Ft. per Month............ 1:22 1.22 
Digester Loading—Vol. Matter Digested per Cu. Ft. per Month...... £ 0.43 0.48 
DE bib Gerd ot Gee! 0, 7 ee a he I ve ares Sea ae eee ae 12.5 12.9 





The digested sludge obtained from the thermophilic tank was similar 
to that from the mesophilic unit in that it was black in color and com- 
paratively inodorous. Of significant advantage was the higher solids 
content of the former. It was, however, more difficult to dewater. 
Neither sludge dried as rapidly as that resulting from digestion at 90 
I’, for long periods. 

Figure 1 shows the results of Biichner funnel tests of both sludges 
under vacuum using FeCl, as a coagulant. These curves show that the 
90° sludge dewatered more rapidly. The cake moisture at 130°, how- 
ever, was lower by about 5 per cent, indicating that the heated sludge 
would give a drier cake on vacuum filters. 

The overflow liquor at 180° was black in color and was high in col- 
loidal and non-settleable solids that could not be removed even with high 
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Figure 1.—Biichner funnel tests on mesophilic and thermophilic sludges at Aurora, Il. 


coagulation doses of lime and ferric chloride. Average analyses of 
both overflows are given in Table 2. 

During these tests, both the mesophilic and the thermophilic tanks 
were heated by conventional hot water heating coils arranged around 
the tank walls. With the thermophilic tank the ingoing heating water 
was maintained at about 180° F. After the tests were concluded the 


TABLE 2.—Mesophilic vs. Thermophilic Digestion 


Overflow Liquor—Aurora Tests 
7 q 




















90° 130° 
I EN eS. ies Sa cct Gea ees Song sates oe 2,310 3,090 
SPAeeeeeat ORIEN 80 ES I boda as se wl sale ds 040 eee e 1,537 1,600 
PT ES a areas 773 1,490 
Non-Settleable Susp. Solids—p.p.m.................2.0000- 107 451 
Settleable Susp. Solids—p.p.m.................02eceeee eee 666 .1,049 
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tank was drained and it was found that a very heavy sludge cake and 
scale had formed on the coils. 

Summarizing the results of the Aurora tests, it was apparent that a 
significant advantage of thermophilic digestion was that it gave a 
thicker sludge, but that its disadvantages were that it produced a poorer 
quality overflow liquor and a digested sludge more difficult to de- 
water. It was also clear that heating methods other than by conven- 
tional hot water heating coils would be required to maintain thermophi- 
lie temperatures. 

Jackson TESTS 


In view of the advances in sludge digestion practice during the 
1930’s, it appeared reasonable that the disadvantages brought out in 
the Aurora tests might be readily overcome by the use of stage diges- 
tion. This belief was strengthened by the favorable indications re- 
ported in the Los Angeles pilot plant studies of Smith and Studley. 
Accordingly, a new series of plant studies was initiated at Jackson, 
Mich., in January, 1942, and continued to November, 1944. 

The Jackson plant is of the activated sludge type, the raw sludge 
consisting of approximately one part primary to three parts activated 
sludge. The waste activated sludge is returned to the raw sewage, and 
the combined raw sludges pumped to six digestion units; four 50 ft. in 
diameter by 22 ft. s.w.d., having a capacity of 47,000 cu. ft. each; and 
two 60 ft. in diameter by 22 ft. s.w.d., having a capacity of 69,300 eu. ft. 
each. 
Parallel tests were first run at equal loadings, the tanks being ar- 
ranged in two batteries with two 50-ft. tanks and one 60-ft. tank oper- 
ated in series in each battery. The primary unit of one set was held 
at 84° F., while that of the other was maintained at 125° F. The daily 
production of raw sludge was fed to alternate batteries every other day, 
an equal volume of primary digester sludge being displaced to the sec- 
ondary unit and from there to the tertiary tank. . Supernatant liquor 
and digested sludge were periodically withdrawn from the tertiary 
tanks, the supernatant being returned to the raw sewage. 

The results of a comparative period covering six months’ operation 
after conditions were stabilized are given in Table 3. These results 
show that greater gas production and higher volatile matter reduction 
were obtained by thermophilic digestion. Also, slightly more overflow 
liquor of a better quality was obtained at 125°. In either case the over- 
flow was of such a quality that it did not interfere with the treatment 
process when returned to the system. 

Seum blankets were present in both primary digesters at all times 
during the tests. These scum blankets varied in depth, greater depth 
and higher solids and volatile matter content being present in the ther- 
mophilie unit as shown in Table 4. The scum in the thermophilic tank, 
however, was always soft. In the mesophilic unit the scum was invari- 
ably hard even at higher moisture content. The presence of large 
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TaBLE 3.—Mesophilic vs. Thermophilic Digestion 





July, 1945 


























Jackson, Mich., Tests 
| | 
| Mesophilic | Thermophilic 
Period 1 Period 1 Period 2 
Temperature: 

I, PRC R oe ok Vinh Ras cs b sips 4 0 sig wie oe Sis Sa wis b one 0% burda 84 5 133 
Secondary............... 86 111 121 
Pa A er eee re 73 114 

Raw Sludge: 

ie aeems mmmee per Tay—TLhe........ 5... ccc cc ccc c cc esnewaess 5,740 5,900 13,930 
Per Cent Solids... . 5.23 5.25 5. 
Per Cent Volatile Matter. 64.0 63.9 62.8 

Digested Sludge: 

Percent BOUGs..... ..- 25000. 8.7 8.9 7.0 

Per Cent Volatile Matter. 47.7 44.8 45.9 
Sludge from No. 1 Digester: 

Per (ent Domes... ...- 22-05 3.7 3.1 3.3 

Per Cent Volatile Matter..... 52.4 49.7 49.8 
Sludge from No. 2 Digester: 

Per Cent Solids . eee 5.8 5.4 4.7 

Per Cent Volatile Matter. 47.8 46.1 48.0 
Sludge in Primary Digester: 

Total Dry Solids—Lbs........... 86,130 92,450 87,530 
Per Cent Solids. . aetia x 3.28 Rs 80 4.08 
Per Cent Volatile Matter..... 55.8 2.8 52.1 

Gas: 
Primary Unit—Cu. Ft. per Day.. 23,400 32,700 59,000(est.) 
Primary Unit—Cu. Ft. per Day at 84° F. 23,400 30,400 54,100(est.) 
Prim. + Sec. Unit—Cu. Ft. per Day 26,000 35,500 64,000 
Prim. + Sec. Unit—Cu. Ft. per Day at 84° F.. 26,000 33,070 58,860 
Per Cent Gas Obtained in Primary . : 90.0 91.8 92.0 
Per Cent COz—Primary.... ; 30.0 31.9 31.0 
Per Cent COz—Secondary..... 32.4 29.7 28.0 
Su — 

Gallons per Day. 9,385 10,590 21,650 
Gallons per Gallon of Raw Sludge. 0.73 0.81 0.71 
Jk ts ¢ 2 Sere ; 597 405 796 
Total Solids _P- ae 4,920 3,983 9,620 
Suspended Solids—P.P.M.... . 3,002 1,933 7,596 
Dissolved Solids—P.P.M........ 1,918 2,050 2,024 

Ratio of Primary Dig. Sludge to Raw Solids—Added Daily : 16.0 15.7 6.3 
Ratio of Primary Vol. Matter to Raw Vol. Matter—Added Daily ? 13.4 13.0 5.2 
Per Cent Solids Reduction—Primary 24.3 
Per Cent Solids Reduction—P: rimary + Secondary | 31.0 
Per Cent Solids Reduction—Pri. + Sec. + Tert. | 31.2 
Per Cent Vol. Matter Reduction—Primary | 38.0 
Per Cent Vol. Matter Reduction—Pri. + Sec. | 48.3 
Per Cent Vol. Matter Reduction: Pri. + Sec. + Tert. | 48.7 
Gas—Cu. Ft. at 84° per Lb. Vol. Matter Added—Pri. | 6.38 
Gas—Cu. Ft. at 84° per Lb. Vol. Matter Added—Pri. + Sec. | 7.05 
Gas—Cu. Ft. at 84° per Lb. Vol. Matter Digested— Pri. P 16.8 
Gas—Cu. Ft. at 84° per Lb. Vol. Matter Digested—Pri. + See. 14.3 
Digester Loading—Lbs. Solids Added per Cu. Ft. per Mo.—Pri. 5 3.67 3.77 8.90 
Digester Loading—Lbs. Solids Added per Cu. Ft. per Mo.—Pri. a 1.84 1.89 4.45 
Digester Loading—Lbs. Solids Added per Cu. Ft. per Mo. sec. 

Tert.. Ter 1.06 1.09 2.56 
Digester Loading— Lbs. Vol. Matter Dig. per Cu. Ft. per Mo.—Pri. .| 0.89 1.07 2.22 
Digester Loading—Lbs. Vol. Matter Dig. per Cu. Ft. per Mo.—Pri. + See.. . | 0.57 0.62 1.39 
Digester L — Lbs. Vol. Matter Dig. per Cu. Ft. per Mo.—Pri. + Sec. 

Tert.. eR Se ao ie eS = keane 0.33 0.38 0.80 
Primary Digestion Period—Days.. . 27.3 26.7 | 11.7 





quantities of oil in the sewage contributed greatly to the depth of the 
scum blankets. 

It would appear from the percentage solids in the sludge transferred 
from the secondary digesters that the mesophilic sludge tended to 


thicken better than the thermophilic sludge. 
the case. 


Such, however, was not 


The slight difference in solids may be accounted for by the 
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TaBLE 4.—Scum Blankets—Jackson Tests 











Mesophilic Thermophilic 
Period 1 Period 1 Period 2 
POWMBONANURO—— es sk. dione ae br idee Cee Seen 84 125 133 
Average Boum: Depth—it...'.....0.0 0058 vor eee ee 2.3 + 7 
Per Cent Moisture—Top 2-ft. layer.................. 79 56 39 
Per Cent Volatile Matter—Top 2-ft. layer............ 74 89 87 














ereater reduction in solids in the thermophilic battery. Also, monthly 
inventories invariably showed the presence of more supernatant liquor 
in the thermophilic secondary unit. 

Results covering a four-month period at the end of the test run are 
also given in Tables 3 and 4. Here the entire plant raw sludge produc- 
tion was pumped to the thermophilic battery. During this compara- 
tively high solids loading period there was never any evidence of tank 
foaming, and volatile matter reductions were slightly better than those 
obtained at half loadings with mesophilic digestion. The solids in the 
digested sludge withdrawn from the tertiary tank, however, showed a 
definite drop in solids content. The sludge, as before, was compara- 
tively inodorous and exhibited all the characteristics of a well digested 
sludge as regards color, drainability, ete. It did not, however, dry as 
readily as did the sludge obtained at lower tank loadings during the 
first period. 

Heatine EXPerteNCES 


Of particular interest in these tests were our experiences in digester 
heating. During the initial period, when parallel tests were run at 
equal loadings, the thermophilic tank was maintained at the required 
temperature by means of conventional hot water heating coils. In Au- 
gust, 1942, an attempt was made to increase the load to the thermophilic 
battery by 25 per cent. It was soon found, however, that it was im- 
possible to maintain this higher loading as the tank temperature 
dropped off, even though we carried ingoing heating water tempera- 
tures as high as 195° F. The loads were again equalized until January, 
1943, when a new auxiliary heater was installed. 

The new heater is shown in Figures 2 and 2 (a) and had for its 
principle the aspiration of hot gases directly into the sludge as it was 
recirculated through an injector. The sludge, after passing through 
the injector, discharged to a vented storage tank for the purpose of re- 
leasing CO., and then passed back to the digester. This heating unit 
was designed to burn 25 ¢.f.m. of digester gas with a circulation of 600 
g.p.m. of sludge through the injector at a pressure drop of 10 pounds. 
It was felt that the high temperature of the sludge as it passed through 
the injector would not be detrimental to digestion as the contact period 
between the sludge and hot gases was very short. It was also felt that 
even if the organisms were killed, the sludge would be immediately re- 
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Figure 2.—Auxiliary contact type heater—Jackson tests. 








FIGurE 2 (a).—Auxiliary contact type heater—Jackson tests. 
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seeded when it again came into contact with the large volume of active 
material in the digester. 

Twenty-two hours after the new heater was started up, however, the 
gas production from the thermophilic tank dropped from 30,000 c.f.d. 
down to 1,600 ¢.f.d. Sludge additions were then halted and the tank 
temperature raised by means of the internal heating coils. Sludge 
additions were resumed and the heater again started up. Again the 
eas production fell off sharply. For a second time raw sludge addi- 
tions were interrupted. Then, when the temperature was brought up 
to the thermophilic range again, operation of the new heater was re- 
sumed at a 10 ¢c.f.m. gas burning rate. This time digestion proceeded 
satisfactorily and the gas rate was increased gradually to a maximum 
of 25 ¢.f.m. with no ill effects as far as digestion was concerned. Ap- 
parently the difficulty encountered in the first two starts of the new : 
heater was caused by too rapid a rise or drop in the digester tempera- 
ture and not to the heater itself. A rise or drop of 5° F. or more during 
a relatively short period appeared to affect greatly the digestion proc- 
ess in the temperature range of 115-125°. This variation is far more 
serious in the range of 115-120°and may cause a temporary complete 
cessation in digestion activity. 

It soon developed that the combustion chamber of the new heater 
was very inefficient because of high radiation losses. Also, the release 
of vapors in the CO, release tank gave rise to considerable aerial nui- 
sanee. In order to reduce heat losses and odors, a combustion chamber 
as shown in Figures 3 and 3 (a) was constructed, and the injector ar- 
ranged to discharge directly into the digester manhole as indicated 
diagrammatically in Figure 4. This arrangement had a higher gas 
burning capacity (2,000 c.f. per hr.) and greatly improved the thermal 
efficiency but was still inefficient because of the inability of the injector 
to draw in all the hot gases produced in the combustion chamber. Also, 
some odors were still present, due to the release of hot vapors from the 
digester manhole, which acted as a CO, gas release vent. 

The method of heating next tried was the injection of steam directly 
into the digester. For this purpose a Bryant 12-S-—63 boiler, rated at 
31.8 boiler horsepower and having a B.T.U. output of 1,065,000 B.T.U. 
per hr., was employed. Feed water consisting of city water softened 
from 17 gr. per gal. as CaCO, down to 2.5 gr. per gal. by base exchange 
softeners, was fed to the unit at a 2 g.p.m. rate. At the start the steam 
was fed by a 3-inch pipe 10 feet below the tank surface, the pressure 
at the boiler being 4.5 to 5.0 lbs. A slight vibration was felt at this 
pressure when one stood on the tank roof. Also, poor distribution of 
heat was obtained, necessitating almost continuous recirculation of the 
bottom sludge. Ten extra feet of pipe were then added, raising the | 
pressure at the boiler to 10 lbs. This caused the vibration to disappear 
and improved the heat distribution but did not entirely eliminate the 
need for recirculation. Other than the care required to regenerate the 
softeners daily and the blowing down of the boiler once each shift, the 
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FicurE 3.—Enlarged contact type heater—Jackson tests. 





FicurE 3 (a).—Enlarged contact type heater—Jackson tests. 














Vol. 17, No. 4 PLANT SCALE TESTS ON THERMOPHILIC DIGESTION 





























INJECTOR > 
GAS 
PUMP COMBUSTION 
CHAMBER 
< 
COg RELEASE 
CHAMBER 
DIGESTER or 
BAFFLE 
, 
SLUDGE 
LINE * 
al 








Figure 4.—Arrangement of contact type heater—Jackson tests. 


steam heating system required very little attention and operated in a 
very satisfactory manner. 


GENERAL Discussion 


The prime functions of a digester are to stabilize and concentrate 
the sludge so that it may be readily dewatered on sand beds or other 
drying devices without odor nuisance. Incidental to stabilization is 
the production of a maximum quantity of gas and maximum volatile 
matter reduction. Incidental to concentration is the production of an 
overflow liquor low in solids so that its return to the raw sewage will 
not upset clarification or secondary oxidation. 

Long time experiences at Jackson have shown that although good 
stabilization may be obtained at relatively high loadings in the me- 
sophilic range, satisfactory concentration will not occur if the weight 
of volatile matter digested per cu. ft. of total digester capacity per 
month exceeds 0.5 to 0.6 pound. By ‘‘satisfactory concentration’’ is 
meant the production of a digested sludge of at least the same moisture 
content as that of the raw sludge. 

The results at.84° in Period 1 show that this result is attained by 
using only the primary and the secondary digester. Tank soundings 
also showed that it was possible to obtain a fair quality supernatant 
liquor at this loading. These results were also attained by thermophi- 
lie digestion at the 0.62 pound loading. The same solids concentration, 
however, was not realized when all the sludge was put through the 
thermophilic battery and when the primary plus secondary loading was 
1.39 pounds of volatile matter digested per cu. ft. per month. A study 
of the records did show that approximately the same density of di- 
gested sludge was obtained with the thermophilic digestion at about 1.6 
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digested per cu. ft. per month. This is equal to a raw solids loading 
of 2.74 lbs. per cu. ft. per month for a raw sludge containing 62.8 per 
cent volatile matter. With equal size primary and secondary tanks, 
the primary raw solids loading will be double this figure. 

The reason for the greater volatile matter reduction, higher gas 
production and greater capacity in thermophilic digestion appears in 
great part to be due to a ‘‘thermal classification’’ of volatile matter in 
the primary tank. Depth samples showed that there was always a 
higher volatile matter content in the upper portions of the tank. There- 
fore, when sludge was regularly displaced from the bottom of the pri- 
mary digester to the secondary unit, the more digestible organic matter 
was held back and had the opportunity of being further digested. 

It is apparent from the tests at both Aurora and Jackson that the 
use of hot water coils for heating thermophilicetanks is not suitable. 
Direct injection of steam into the digester, external heaters or raw 
sludge preheaters are, however, entirely practical and have the advan- 
tage that the boilers or heaters are always accessible for inspection 
and cleaning. In the case of steam heating, it is necessary to soften 
the boiler feed water in hard water areas. External heaters would 
have to be totally enclosed to prevent odor nuisances. 

The most satisfactory range for a primary thermophilic tank ap- 
pears to be 125°-130° F. At 142° F. the overflow becomes odorous, 
while if the temperature falls below 115° F., the digestion process will 
be seriously upset. 

At Jackson, the total amount of water used per month for the pro- 
duction of steam, boiler blow-down and softener regeneration was 
roughly 100,000 gals. per month. At the prevailing water rates the cost 
of this water was about $10 per month. Salt for regeneration of the 
base exchange units cost an additional $2 per month. The boiler re- 
quired very little maintenance. 

The heat requirements for thermophilic digestion are about twice 
those for operation in the mesophilic range. Although the radiation 
losses at Jackson were about 50 B.T.U. per sq. ft. of tank surface per 
hr. as against 6 to 8 B.T.U. per sq. ft. per hr. for 80°-90° operation, the 
tanks at Jackson were admittedly not designed for high temperatures 
and, consequently, heat losses through the tank walls and roof were 
very high. Proper insulation would greatly reduce the radiation losses 
at very little additional cost. The secondary unit of a thermophilic 
system need not be heated at all, even during the coldest months. 

The amount of water vapor in the gas at thermophilic temperatures 
was quite high. Adequate provisions to remove this moisture ahead 
of metering would be required in a regular installation, otherwise the 
maintenance costs on meters and other gas collection equipment would 
be excessive. 


times the maximum mesophilic loading, or 0.90 pound volatile matter 
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PracticaL ASPECTS 


Considering the increase in capacity obtainable per unit of tank 
volume by thermophilic digestion, economically the thermophilic two- 
stage system appears to be attractive where sufficient gas or waste heat 
is available for heating the raw sludge. There is, however, some doubt 
as to whether the system can be justified for new small or medium size 
plants. Here a temporary upset due to an interruption in heating 
would greatly retard digestion, and upset plant operation unless dupli- 
cate units or reserve digestion capacity were available. Such provi- 
sions would be impractical for small plants but entirely within the realm 
of economic possibility in large installations. 

For existing overloaded plants, the system has much to recommend 
it, and by its use, costly digestion plant extensions may be avoided. 


CoNnCLUSIONS 


1. Single stage plant scale tests at Aurora, IIl., showed that although 
the sludge digested rapidly at thermophilic temperatures, a poor qual- 
ity overflow liquor and a digested sludge difficult to. dewater were pro- 
duced. A more concentrated sludge, however, was obtained. 

2. Full plant scale tests at Jackson, Mich., showed that the dis- 
advantages as found at Aurora were entirely overcome by the use of 
inulti-stage digestion. 

3. With two-stage thermophilic-mesophilic digestion, 60-75 per cent 
more sludge can be digested than in a two-stage mesophilic system of 
equal size. 

4. Conventional hot water heating coils are not satisfactory for 
inaintaining thermophilic temperatures. Direct injection of steam into 
the digesting sludge gave good results. 

5. Direct heating of sludge by hot combustion gases, though feasible, 
does not appear economically attractive; also serious odor nuisances 
result. 

6. The higher loadings obtainable by thermophilic stage digestion 
should make the process especially attractive for existing overloaded 
plants. 
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EXPLORING THE EFFECT OF HEAVY DOSES OF 
CHLORINE IN SEWAGE * 


By A. E. Grirrin ann N. S. CHAMBERLIN 


Assistant Director and Sanitary Chemist, Respectively, Technical Service Division, 
Wallace and Tiernan Co., Inc., Newark, New Jersey 


The experimental work for this paper was undertaken, as the title 
implies, to explore the effect of greater than normal additions of chlo- 
rine to sewage. At the outset this was believed to have been virgin 
territory but a search of the literature revealed that at least two work- 
ers, Frank EK. Hale and L. H. Enslow, had already done work along simi- 
lar lines in 1927. 

Hale (1) reported in 1927 that, unexpectedly, chlorination had defi- 
nitely reduced the free ammonia content of the effluent from two sewage 
plants on the New York City watershed. Although such a phenomenon 
appeared to have little sanitary significance at the time, Hale was inter- 
ested enough to examine the data carefully and to record the findings 
in a public document. 

Enslow (2), during the same year, as recorded in the Proceedings 
of the Ninth Texas Water Works Short School, reported that up to 62 
per cent B.O.D. reductions could be expected with chlorination alone 
and that the greater the initial B.O.D., the greater would be the re- 
moval. This is in line with work hereinafter reported to the effect that 
ereatest B.O.D. removals per pound of chlorine added is obtained in the 
strongest sewages. 

The reactions between chlorine and nitrogenous compounds, includ- 
ing some of the albuminoid types, have also been studied to a limited 
extent by a few experimenters, such as Calvert (3), Rudolfs and Gehm 
(4), without conclusive results from a practical point of view. This 
subject is discussed to a limited degree in the current paper. 

Concerning the effect of nominal doses of chlorine on B.O.D. re- 

moval, it has become well established, both experimentally and through 
practical application, that chlorination to a first chlorine residual will 
result in the greatest reduction in B.O.D. This paper earries the 
subject a step further and contains data relating to the effect of heavy 
doses of chlorine on B.O.D., doses amounting in some cases to as much 
as 400 p.p.m. to and beyond the ‘‘break-point.’’ 
- The present work is confined entirely to laboratory experiments, and 
is presented for record purposes only. No attempt is made to draw 
definite conclusions and all figures are subject to revision as new data 
on other type and strength sewages are collected. Many other tests 
and comparisons could and should be made to complete the picture. It 
is believed, however, that the material presented is basic and will form 
a pattern for chlorination. 


* Presented at Seventeenth Annual Meeting, New York State Sewage Works Association, 
New York City, January 19, 1945. 
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All samples were collected from a plant where raw, settled, aerated 
and activated sludge effluents were available. Chlorine was applied to 
all samples immediately after collection. All samples for ammonia 
nitrogen, albuminoid nitrogen, and B.O.D. determinations were dechlo- 
rinated with sodium sulphite. Sodium sulphite was used instead of 
sodium thiosulphate in order to reduce the chloramines quantitatively, 
i.e., to insure complete dechlorination of all samples. Such a procedure 
also avoided false B.O.D. readings that result when thiosulphate is 
employed. The ammonia and albuminoid nitrogen in the samples de- 
chlorinated in this manner were determined by distillation and nessleri- 
zation, a deviation from Standard Methods procedure. 


CHLORINE RESIDUALS 
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Ficure 1.—Chlorine residuals obtained by chlorinating raw screened sewage. 


The residual curves shown in Figure 1 demonstrate that when chlo- 
rine is added to sewage in sufficient quantities, a typical break-point 
chlorine residual curve results. The residuals in the ‘‘hump’’ area, 
after completion of the break-point reaction, are composed of chlo- 
ramine while those beyond the ‘‘break’’ are composed of free available 
chlorine. 

It is interesting to note, as will be explained further on, that the 
peak of the ‘‘hump’’ is somewhat flatter than would have been expected 
in a potable water where the pollution would have been less pronounced. 

Had the chlorine demand of the raw screened sewage been fully sat- 
isfied, the residual curve beyond the ‘‘break’’ would have been parallel 
to the zero chlorine demand line. In this case, however, the curve drops 
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away from the zero line. This is particularly emphasized after 18 
hours’ retention where it becomes almost parallel to the chlorine appli- 
eation. This is due, no doubt, to the large amount of suspended solids 
in the raw sereened sewage under test and is typical of heavily polluted 
waters. 

When chlorine is added in increments up to 400 p.p.m. to the effluent 
from the primary settling basins the ‘‘break’’ takes place at approxi- 
mately the same point as in the raw sewage (Figure 2). The ‘‘hump,”’ 
however, is less pronounced and the 30-minute retention curve is paral- 
lel to the zero chlorine demand line. As the retention time increases up 
to 18 hours, the curve becomes progressively flatter but does not reach 
the extremes encountered in Figure 1. This is indicative of a lesser 
amount of suspended material. 





















































CHLORINE RESIDUALS OBTAINED BY CHLORINATING 
RAPID SETTLER EFFLUENT 
_. 100 
Oo 
z § 
& RS 
| 25 & 5 aS 
w” 
a ky 
a SS 
=> § Vay 
res x 
{50 4 f 
x g / 
y 
2 LN 
a A 
e 251-9 
(eo) eon Na 
aa 
5 YZ | 
0 — T T T T T T T T 
i¢) 50 100 150 200 250 300 350 400 
CHLORINE RESIDUALS — PPM. Cl. 








Figure 2.—Chlorine residuals obtained by chlorinating rapid settler effluent. 
5 

The results plotted in Figure 3 were obtained by applying chlorine 
in increments up to 200 p.p.m. to a partially oxidized effluent. Al- 
though these curves are essentially the same as in Figure 2 their magni- 
tude is much lower. The residual at the ‘‘hump,’’ for instance, has 
dropped from about 75 p.p.m. to about 30 p.p.m. and the ‘‘break’’ has 
retreated from a chlorine application of 250 p.p.m. to 125 p.p.m. This 
indicates that the combined effluents contain considerably less organic 
matter and ammonia than the settled sewage. This is not an un- 
expected result because the effluent from an aeration unit should be in 
better condition than plain settled sewage. 

It is the general expectation that activated sludge process effluent 
should be relatively free of suspended material and relatively low in 
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Figure 3.—Chlorine residuals obtained by chlorinating combined plant effluent. 
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4, substantiate such reasoning. 


ammonia content, although at the present time there is a tendency to 
maintain a higher ammonia residual in the final effluent than heretofore. 

The residual curves on the activated sludge process effluent, Figure 
Here the residuals are much lower 





rE 4.—Chlorine residuals obtained by chlorinating activated sludge plant effluent. 
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than in Figures 1, 2 and 3, and the ‘‘break’’ does not become readily 
noticeable until approximately 18 hours following the application of 
chlorine. These curves, in Figure 4, are quite comparable to those ob- 
tained in potable waters where the albuminoid ammonia content is 
greater than the free ammonia content. In water works practice sucli 
a curve would be characterized as the plateau type. If in this ease 
chlorination had been carried to an application of 25 p.p.m. or more, 
the residual curves, even for the 18-hour retention period, would have 
been nearly parallel to the zero demand curve. 

In the first three cases, Figures 1, 2 and 3, chlorination to or beyond 
the break-point ordinarily would not be an economical procedure, no 
matter how excellent the results except where small quantities of such 
sewages are to be treated. Chlorination of activated sludge plant efflu- 
ents, such as in Figure 4, would, however, be well within the realm of 
practicability and economy. 


FREE AMMONIA 


An outstanding characteristic of break-point chlorination is its abil 
ity to destroy ammonia. This phenomenon has been studied in detail 
in relation to potable water supplies but very little has been done in 
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Figure 5.—Effect of chlorine on ammonia-nitrogen removal raw screened sewage. 














connection with sewage. Figures 5, 6, 7 and 8 relate to the destruction 
of ammonia in sewage by chlorination. 

The data in Figure 5 show how ammonia is destroyed progressively 
from the first appearance of a residual until the ‘‘break’’ is reached, 
where ammonia disappears completely. 
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The small and variable amounts of ammonia recovered beyond the 
‘‘break’’ are attributed to the presence of nitrogen trichloride, an end- 
product of the break-point reaction. The ammonia existing as chlo- 
ramines to the left of the ‘‘break’’ had to be determined quantitatively 
and this could be done only through the use of sodium sulphite in the 
analytical procedure. Since sodium sulphite was employed as part of 
the analytical technique in all samples, it was only natural that any 
nitrogen trichloride beyond the ‘‘break’’ was quantitatively reduced to 
ammonia and appeared as such in the analysis. Had sufficient time 
elapsed or had vigorous aeration been applied, this form of nitrogen 
would have escaped to the atmosphere and would not have been 
recovered. 
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Figure 6.—Effect of chlorine on ammonia-nitrogen removal rapid settler effluent. 





Ammonia removals from the settled effluent, Figure 6, and the com- 
bined plant effluent, Figure 7, follow essentially the same patterns as 
in Figure 5 and need no further comment. 

The data plotted on Figure 8 are designed to show the difference in 
ammonia removal in water and sewage, and to show what the curves 
would have been had the sewage reactions been exactly parallel to those 
in water works practice. 

The heavy black line, hollow circles, represents a water break-point 
curve and residual ammonia curve. It is to be noted that there is little 
drop in ammonia content until the residual reaches its maximum in the 
‘hump’? area. From that point on, it falls rapidly, reaching zero at 
the ‘*break.”’ 

The sewage curves are shown in light black lines. Here the am- 
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monia content begins to decline immediately following the appearance 
of a residual whereas in the case of water the ammonia remains un- 
diminished to the top of the hump. 


Figure 8.—Break-Point chlorination: sewage versus water. 
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Had the reaction proceeded exactly as it does in water, the sewage 
curves would have followed the dashed line, designated as theoretical 
ammonia nitrogen (NH;—-N) and chlorine residual in Figure 8. 


ALBUMINOID AMMONIA 


Very little is known regarding the effect of chlorine on albuminoid 
nitrogen. The general assumption is that in the presence of free am- 
monia it will have little influence on the position of the ‘‘break’’ or the 
magnitude of the residual at the top of the ‘‘hump.’’ It is known, how- 
ever, that chlorine will occasionally release some free ammonia from 
albuminoid nitrogen but usually not enough to be of real significance. 
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Ficure 9.—Effect of chlorine on albuminoid-nitrogen removal rapid settler effluent. 


The data contained in Figures 9 and 10 tend to affirm this assump- 
tion. Although there is a slight difference in the albuminoid nitrogen 
content at the various points tested, certainly the results do not indicate 
a removal of albuminoid nitrogen, neither do they indicate any great 
increase. This leads to the generalized conclusion that the nitrogen 
compounds of the albuminoid type are, from a practical point of view, 
unaffected by chlorine up to 400 p.p.m. 


Ratio oF CHLORINE TO AMMONIA 


Much data (5) have been presented indicating the ratio of chlorine 
to ammonia at the ‘‘break-point”’ is on the order of 10:1, or more. The 
presentation of the ratio in sewage is summarized in the following table. 
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EFFECT OF CHLORINE ON ALBUMINOID- NITROGEN REMOVAL 
COMBINED PLANT EFFLUENT 
18 HOUR RETENTION PERIOD » 
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Figure 10.—Effect of chlorine on albuminoid-nitrogen removal combined plant effluent. 
TaBLE 1.—Relation between Chlorine and Ammonia-Nitrogen 
Ammonia- Chlorine Demand—P.P.M. Cl | 
Nitrogen pees al Ratio 
Content | ts) 
Type of Sewage P.P.M. At Point where} Approx. for | Approx. for | Cl: NHs-N 
| NH3-N NHs-N is 0.00 | Sewage NH3-N | 
| ra B | ct D(B-C) | D:A 
ee Se een ee e | = acme | = 
Raw 

Sereened..... 20.7 236.0 27.5 208.5 | 10.07:1 
Rapid | 

Settled Eff... . 20.2 237.0 29.5 207.5 | 10.27:1 
Combined | 

Pient EM... ....... 11.2 148.0 220 | 126.0 | 11.25:1 

* The figures in Column ‘“‘C” represent the chlorine demand at the lowest chlorine application 
of the test at the 18-hour contact period. 

Hale (1), Moore (6), Harvill (7), Levine (8) and others do not quite 
agree with this ratio. Hale, Harvill and Levine think it should be 
nearer 7.5:1 while Moore has reasoned from experimental work that it 
should be somewhat higher, perhaps about 9.0:1. Hale concluded in 
1927 that since the chlorine consumed was reduced to chlorides, any 
inerease in chloride content following chlorination would represent the 


amount of chlorine required to remove the ammonia. Future work will 
decide which figure is correct. Meanwhile, in practice, the ratio of 
10:1 appears to coincide with the greatest number of field experiences 
and seems to suffice for estimating purposes. 
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B.0.D. Removau 


Literature is replete with data pertaining to the effect of chlorine on 
B.0.D. reductions, but deals with reductions obtained by applications 
of chlorine to sub-residuals or low residuals (0.1 and 1.0 p.p.m.). The 
chlorine residuals, regardless of their magnitude, in previous studies, 
eenerally have been chloramines or related compounds. In this study 
sufficient chlorine is used to remove the ammonia and to produce re- 
siduals consisting of free available chlorine. 
Little attention is given to the magnitude of the residuals produced 
heeause the purpose is to determine the effect of high doses of chlorine, $ 
to and beyond the break-point, on B.O.D. 
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Figure 11.—Effect of chlorine on 5-day B.O.D. raw sereened sewage. 





Previously it has been stated that experience has shown the greatest 
B.O.D. reduction can be expected following the first appearance of a j 
residual. The data in Figure 11 are not contrary to such an opinion, 
for the initial B.O.D. reduction amounts to approximately 30 per cent. 
Although at chlorine dosages beyond the break-point there seems to be 
a tendency toward further reductions, the amounts are relatively in- 
significant and could scarcely be called of economic importance. The 3 
reductions in B.O.D. in Figure 12 are essentially the same as in Figure 
11, and yield to the same comment. 

B.O.D. reductions, in the case of highly purified effluents, are some- 
what different than in raw or settled sewage where suspended solids are 
present. In Figure 13, for instance, the B.O.D. reductions seems to be 
a straight line function up to the break-point where the maximum re- 









appears to take place. 
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Figure 12.—Effect of chlorine on the 5-day B.O.D. combined plant effluent. 
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Figure 13.—Effect of chlorine on the 5-day B.O.D. activated sludge plant effluent. 


duction is obtained and beyond this point little or no further reduction 
In fact, in none of the cases studied was there 
evidence of a noticeable change in the B.O.D. beyond the break-point. 
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It is often advantageous to report B.O.D. removals in percentages 
as well as in relation to the pounds removed per pound of chlorine 
added, as in Table 2. It is significant to note here that the greatest 
B.O.D. removal was obtained in the treated sewage but the greatest 
removal per pound of chlorine added initially occurred in the strongest 
sewage. Economically, the addition of chlorine beyond the initial dose 
does not appear practical for B.O.D. removals alone, except in the case 
of highly purified sewages. This was mentioned before and is re- 
affirmed here. 


TABLE 2.—B.0.D. Removal by Chlorination after 18 Hour Retention Period 





























* Removal at Removal by Removal at 
Initial Chlorine Chlorination Maximum Chlorine 
Application to the Break-Point Application (Overall) 
Type of Sewage 
! 
Per Lbs. B.O.D. Per Lbs. B.O.D. Per Lbs. B.O.D. 
Cent per Lb. Cl Cent per Lb. Cl Cent per Lb. Cl 
taw Sereened 
(546 p.p.m. B.¢ SD) 5 35.3 6.43 45.1 1.02 53.1 0.80 
Combined Plant Effluent 
(70 p.p.m. B.O.D.).... 27.1 0.76 58.6 0.33 61.4 0.19 
Activated Sludge Effluent 
(13.6 p.p.m. B.O.D.)... 54.8 1.67 74.3 HOS) |: | Sad 1.26 
| | 








* With a chlorine residual after 18-hour retention. 


SuMMARY 


It can be stated that chlorine has been used in sewage treatment for 
nearly half a century but due to economical reasons, the effects of chlo- 
rine beyond the amounts required to produce a residual up to 1.0 p.p.m. 
after a nominal contact period of approximately 10 minutes to a few 
hours have been studied to a very limited degree. 

In this work heavy doses of chlorine, to and beyond the break-point, 
were added to sewage taken from four points within the same plant. 
These included raw screened sewage, settled sewage, a combination of 
aerated (95 per cent) and activated sludge process (5 per cent) efflu- 
ents, and activated sludge process effluent alone. The effect on the am- 
monia nitrogen, albuminoid nitrogen, B.O.D. and chlorine residuals, 
were noted and plotted. 

Our analysis of the data presented indicates that: (1) Typical break- 
point chlorine residual curves are produced when sufficient chlorine is 
added to sewage. (2) The ‘‘hump”’ area of chlorine residual curves 
for sewage are somewhat lower than in water, particularly on the as- 
cending side of the hump. (3) Ammonia is destroyed progressively 
from the first appearance of a chlorine residual until the ‘‘break’’ is 
reached, where it completely disappears. (4) The ratio of chlorine to 
ammonia at the break-point in sewage appears on the same order as 
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that found in water works practice, 7.c.,10:1. (5) Albuminoid nitrogen 
is not appreciably affected by the amounts of chlorine used in the work, 
1.e., up to 400 p.p.m. (6) All appreciable B.O.D. reductions take place 
ahead of the break-point. There is no evidence of increased applica- 
tion of chlorine adversely affecting B.O.D. removal. (7) The greatest 
B.O.D. reduction per pound of chlorine applied, in sewage of all 
strengths, occurs at the first appearance of a chlorine residual. (8) 
The greatest B.O.D. reduction per pound of chlorine applied, up to the 
first appearance of a chlorine residual, occurs in the strongest sewages. 
(9) The greatest B.O.D. reduction in per cent, up to the first appearance 
of a chlorine residual, occurs in the most highly purified sewages. (10) 
The greatest overall B.O.D. reduction in pounds of chlorine applied 
and in per cent occurs in the most highly purified sewages. (11) Up 
to approximately eighty per cent removals can be expected by chlorina- 
tion of highly purified sewages. 


REFERENCES 


1. Hale, F. E., ‘‘Effect of Chlorine on Nitrogen in Sewage Effluent Treatment.’? Water 
Works Eng., 80, 1135 (1927). 

. Enslow, L. H., ‘Recent Developments in Sewage Chlorination—1926.’? Proceedings, Ninth 
Texas Water Works Short School, page 317 (1927). 

3. Calvert, C. K., ‘‘Treatment with Copper Sulfate, Chlorine and Ammonia.’’ A. W. W. A. 
Journal, 32, 1155 (1940). 

4. Rudolfs, W., and Gehm, H. W., Sewage Chlorination Studies. N. J. Agr. Expt. Station 
Bulletin 601 (1936). 

. Griffin, A. E., and Chamberlin, N. 8., ‘Some Chemical Aspects of Break-Point Chlorina- 
tion.’’ Journal, N. E. W. W. A., LV, 371 (1941). 

6. Moore, W. A., Megregian, S., and Ruchhoft, C. C., ‘Some Chemical Aspects of the Ammonia- 
Chlorine Treatment of Water.’’ A. W. W. A. Journal, 35, 1329 (1943). 

. Harvill, C. R., Morgan, J. H., and Mauzy, H. L., ‘Practical Application of Ammonia 
Induced Break-Point Chlorination.’’ A. W. W. A. Journal, 34, 275 (1942). 

8. Weber, G. R., Bender, R., and Levine, M., ‘‘ Effect of Ammonia on the Germicidal Efficiency 
of Chlorine in Neutral Solutions.’’ A. W. W. A. Journal, 32, 1904 (1940). 


bo 


an 























THE RELATIONSHIP BETWEEN ACCUMULATION, 
BIOCHEMICAL CHARACTERISTICS OF FILM 
AND PURIFICATION CAPACITY OF 
A BIOFILTER AND STAND- 

ARD FILTER 


Part IV. Purification Capacity * 


By H. HeuKkeELeKkIan 


Associate, Department Water and Sewage Research 


In the previous papers of this series (3, 4) the quantity and the bio- 
chemical characteristics of the film in the biofilter and standard filter 
were discussed. Before any relationship between these characteristics 
and purification can be established, it is necessary to present the results 
produced by these plants. Catch samples of the primary and final tank 
effluents were taken on days when the beds were sampled for film. It 
was realized, however, that such samples did not represent truly the ac- 
tion of the film. The character and the efficiency of the film are influ- 
enced by the application of sewage over a considerable period. In or- 
der to obtain a more definite correlation between the film, loading, and 
performance, the full plant records from the biofilter plant were made 
available through the courtesy of Major R. Eliassen and Mr. C. Shep- 
hard. Sueh complete records are not available, however, from the 
standard filter plant. Analytical results obtained on the catch samples 
are given in order to establish a relationship with the complete daily 
records based on composites. These daily records, however, constitute 
the basis of the discussion. 

The discussion deals with the performance of the plants as a whole, 
and an attempt is made to assess the different units individually. 


Piant PuRIFICATION 


The B.O.D. and suspended solids in the raw sewage and final effluent 
of the biofilter are given in Tables I, II, and III. In Table I are shown 
the monthly averages of the daily plant records, and in Table II, catch 
samples taken on film sampling days are compared with the correspond- 
ing values of daily composites. The average monthly B.O.D. of the raw 
sewage varied from 164 to 288 p.p.m., the two lowest values occurring 
in June and July (Table I). The average monthly B.O.D. values in the 
final effluent varied from 14 to 53 p.p.m. The lowest value was obtained 
in May and the highest in ‘February, 1943. The overall reduction 
varied from a minimum of 75 per cent in February, 1943, to a maximum 
of 93 per cent in May. The suspended solids values in the raw sewage 
and in the final effluent followed generally the B.O.D. results. The 

* Journal Series Paper of the N. J. Agr. Exp. Sta., Rutgers University, Dept. Water and 
Sewage Research, New Brunswick, New Jersey. 
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Tasie I.—Monthly Averages of Daily Composite B.O.D. and Suspended Solids Values of Raw 
Sewage and Final Effluent in Biofilter Plant 

















B.O.D. | Suspended Solids 
Date ee | ag 7a ea amin es an 

R.S. | Final Effluent | Reduction | R.S. | Final Effluent Reduction 

(P.P.M.) | (P.P.M.) | (Per Cent) (P.P.M.) | (P.P.M.) (Per Cent) 
ae 215 45 79 ~| ~~ 200 37 | ~—s«82 
1 ee 4 53 75 | 211 | 53 | 75 
March. . . 218 39 82 227. | 37 | 84 
| Seas 216 30 86 238 Ss | *& 
UE SOs 200 14 93 | 200 | 14 93 
BS eee, 166 18 89 194 16 92 
1°" Sage een 164 i7 89 183 13 93 
Rae tS 225 20 91 | 238 | 24 | 90 
EI eaten 226 18 92 273 23 | 91 
ES 25a 204 30 85 244 31 87 
Sere 188 32 83 | 210 22 90 
elias 288 | 48 83 338 45 | 87 
OS ae | 246 34 86 235 47 80 
Mt 2 215s 26 88 | 228 45 80 














minimum reduction in suspended solids of 75 per cent took place in 
February, 1943, and a maximum of 93 per cent in May and July. 

The 24-hour composite B.O.D. and suspended solids values of the 
raw sewage and final effluent showed greater fluctuations than the aver- 
age monthly values (Table IIT). A minimum of 13 and a maximum of 
85 p.p.m. B.O.D. in the final effluent were obtained during the film sam- 
pling days, whereas the suspended solids values varied from a minimum 
of 7 to a maximum of 83 p.p.m. The reduction of B.O.D. varied during 
the individual sampling days from a minimum of 50 to a maximum of 
93 per cent. The suspended solids reduction varied from a minimum 
of 65 to a maximum of 93 per cent. The comparison of B.O.D. values 
in the effluent of the catch samples and the 24-hour composites on corre- 
sponding days show that in 10 out of 16 samples the values were consid- 
erably higher in the catch samples. This may be expected, since the 
catch samples were taken during the daytime. 

The reduction of B.O.D. and suspended solids on the basis of 
monthly average and sampling day results are given in Figure 1. High 
average reductions of B.O.D., in the order of 90 per cent, were obtained 
from May to September. During the rest of the period the reductions 
ranged from 75 to 85 per cent. The average values for the entire pe- 
riod and for the summer and winter are given in Table III. The B.O.D. 
of the raw sewage during the entire period averaged 212 p.p.m. It was 
196 p.p.m. in summer and 230 p.p.m. in‘winter. The daily composite 
B.O.D. in the final effluent was 30 p.p.m. during the entire period and 
34 p.p.m. during the sampling days. The corresponding suspended 
solids values were 31 and 36 p.p.m. The composite daily B.O.D. in the 
final effluent was 21 p.p.m. in the summer and 39 p.p.m. in winter, and 
the suspended solids 26 and 45 p.p.m., respectively. 
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TaBLE II.—B.0.D. and Suspended Solids of Raw Sewage and Final Effluent in Biofilter 
Plant on Film Sampling Days 





Suspended Solids 




















24-Hour Composite 





| B.O.D. | 

24-Hour Comp. |Catch Sample 

Date | Reduction | 

| | Final | Final ‘lake | 

epi | Sem | Spe | oR) ckae 
a eee | 165 | 55 | - 67 =| «196 
Tan: 19.....:| 410° 4 29 74 112 
Feb. 3.....] 170 85 50 228 
Feb. 24.....| 255 65 4 74 258 
Mar.18.....] 160 20 20 88 214 
| April 7..... | 230 | 33 40 86 206 
April 28... .. | 26 | @ 40 89 215 
May 19.....| 186 | 13 10 93 186 
June 10..... | 175 23 26 87 =| «176 
June 23.....| 160 16 48 90 | 160 
July 21..... | 170 | 15 29 91 | 196 
Aug. 4...../ 165 | 15 13 | 91 184 
aie. TOs = 202 275 | 51 27 81 236 
Sept. 9.0... 160 | 19 31 88 328 
Sept.29.....) 315 | 30 90 90 260 
On. BH... 200 | 35 105 82 314 
Oct. 15..... | | a - 

a ee 50 | 18 14 74 56 
Nov. 12.... . | ~ 33 — _ 
Dee. 1..... 270 | 63 73 77 462 
Jan. 5... 130 |) 25 35 81 194 
Feb. 8... 200 57 70 72 237 





| 


Final 
Effluent 
(P.P.M.) 


52 
38 
35 
60 
35 
36 
23 
13 
17 
16 


19 
45 
33 
40 
64 


12 
54 


38 
83 





Reduction 
(Per Cent) 


73 
75 
84 
77 
84 
82 
89 
93 
90 
90 
96 
90 
81 
90 


Taste III.—Average B.O.D. and Suspended Solids in Raw and Final Effluent in Biofilter 





B.O.D.—daily composites: 
ol EA Uh UL: Emap ge a rr 
ek, 0 | hh, en are 
Per Gent Reduction: . .. 2.650645 e 





B.O.D.—film sampling days (catch samples) : 

RAW. DP piM.....5< 00.3 RS Tee TIN rate 

, WDA ain 3 45:08 Sob tie amit Oca ad 
Per CentiReduction: 0. 2.<5 ssc. a: 


Suspended solids—daily composites: 
PRR AAI MIMERS 6 fos Sis oh tye ie Resse OE 
DEMME G APNE 28.3 5 icc oO oe ee 
Per Cent Reduction. ........5..6.5 662.46 





Suspended solids—film sampling days (catch 
samples): 

PRN ae ne  e eee 

LUTE ES CLSC): aye ee 

Pe? GenG REAUCHONS 4 oc...5.a eases 










Entire 
Period 


212 
30 
83 


182 
34 
81 


230 
31 
86 


‘221 
36 





Summer 


196 
21 
89 


185 
23 
88 


220 
20 
91 


209 
26 





230 
39 
83 


190 
45 
76 


240 
42 
82 


232 
45 


Winter 
1943 and 
1944 


Winter 
1943 


216 
42 
81 


186 
24 


87 


219 
40 
82 


204 
40 





Winter 
1944 


250 
36 
86 


200 
48 
76 


266 
46 
83 


298 
58 
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During ten months the average B.O.D. values in the effluent were 
less than 35 p.p.m. and during the remaining four months the values 
were above 35 p.p.m. Values in excess of 30 p.p.m. did not oceur be- 
tween April and October. 

The B.O.D. load in the raw sewage and the quantity of B.O.D. re- 
moved by the plant are presented in Figure 2. During January the 
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Figure 1.—B.0.D. and suspended solids reductions by the biofilter plant. 
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FigurE 2.—Relationship between the quantity of B.O.D. in the raw sewage and quantity of 
B.O.D. removed by the biofilter plant. 
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quantity of B.O.D. removed was low with relatively high B.O.D. load in 
the raw sewage. During February, March and April the load as well 
as the removals increased, but the quantity of B.O.D. in the final effluent 
as represented by the area between the two curves was also high. Dur- 
ing this period the plant had not attained maximum efficiency because 
of the handicap of cold weather during the maturing period of the beds. 
In May the removals increased without an increase in load. In June, 
July, August and September the removals decreased simultaneously 
with a decrease in the load. In October the load increased without a 
corresponding increase in removals, followed by a decrease in load in 
November. In December, January and February the load increased to 
maximum values recorded of over 3,000 pounds of B.O.D. per acre foot 
per day, accompanied by high removals. 

The quantities of suspended solids present in the raw sewage and 
those removed by the plant are illustrated in Figure 3. The suspentled 
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FiGURE 3.—Relationship between the quantity of suspended solids in the raw sewage and 
quantity removed by the biofilter plant. 


solids applied were low in January, increased in February, March and 
April, decreased thereafter gradually until July when they reached a 
low value of 1,700 pounds per acre foot per day. The load increased 
to about 2,000 pounds per acre foot per day in August and September. 
In October another increase took place, followed by a decrease in No- 
vember. In December the load increased to a maximum of over 3,600 
pounds, and in January and February of 1943 it was about 3,200 
pounds. The removals followed closely the fluctuations in the load. 
The area between the two curves represents the pounds of suspended 
solids in the final effluent. 

On February 11, 1944, a 24-hour survey was made of the B.O.D. 
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and suspended solids of the raw sewage and final effluent of the biofilter 
plant for the purpose of determining the hourly variations in the in- 
coming sewage and the effect of such variations on the effluent from 
the plant. 

Hourly composites were made from 15-minute samples from 6 A.M. 
to 12 midnight, and thereafter hourly catch samples were taken. The 
average flow for the day was 2.0 m.g. and varied from a minimum rate 
of 1.0 to a maximum of 3.0 m.g.d.. The results are plotted in Figure 4. 
A B.O.D. above 300 p.p.m. was obtained in the raw sewage for a period 
of 16 hours. The average B.O.D. for the day was 338 p.p.m. The 
B.O.D. in the final effluent remained very uniform during the 24 hours 
with an average of 48 p.p.m. An average of 86 per cent reduction of 
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Figure 4.—B.0.D. and suspended solids in raw sewage and final effluent during a 
24-hour survey of the biofilter plant. 


B.O.D. was obtained during the day. The suspended solids in the raw 
sewage fluctuated somewhat more than the B.O.D. The average sus- 
pended solids was 241 p.p.m. in the raw sewage and 62 p.p.m. in the 
final effluent, giving a reduction of 74 per cent. The solids in the efflu- 
ent fluctuated more than the B.O.D. 

There are three definite peaks in the suspended solids of the raw 
sewage: at 8 to 9 A.M., at 12 to 1 P.M. and at 8 P.M. The time of 
flow from the most remote point in the camp to the sewage plant is « 
little over an hour at the 2.0 m.g.d. rate. The peaks in suspended solids 
correspond with the kitchen activities during mealtime. The peaks in 
B.O.D. do not correspond with the suspended solids but come either 
before or after suspended solids peaks, probably coinciding with the 
flushing of the urinals. The peaks in the suspended solids of the efflu- 
ent correspond to the high suspended solids centent of the raw sewage. 
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The B.O.D. values of the raw sewage of the standard filter plant are 
not available. The B.O.D. results of the final effluent based on catch 
samples taken on film sampling days are given in Table IV. The 
B.O.D. in the final effluent was consistently low, with a maximum of 14 
p.p.m. and a minimum of 4 p.p.m. Generally, the lower values were 
obtained during the summer. The actual B.O.D. in the effluent is prob- 
ably lower on the basis of 24-hour composites, since the values given 
were obtained from catch samples during the day. The suspended 
solids results of the raw sewage and of the final effluent are on the basis 
of 8-hour composites during the day and are, therefore, higher than on 


Tasie [V.—B.O.D. in the Final Effluent and Suspended Solids in the Raw Sewage and 
Final Effluent in the Standard Filter Plant 
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the basis of 24-hour composites. The sewage should be regarded as 
weak. The daily average suspended solids for the entire year on the 
basis of 8-hour composites gave a value of 173 p.p.m. The average 
for the catch samples on days when stone samples were taken was 168 
p.p.m. The average suspended solids in the effluent from the plant on 
the basis of daily 8-hour composites throughout the year was 8 p.p.m. 
and for catch samples on stone sampling days 9 p.p.m. 


PERFORMANCE OF THE PRIMARY CLARIFIER IN THE BIoOFILTER PLANT 





When the performance of the primary clarifier in the biofilter plant 
is assessed on the basis of p.p.m. B.O.D. in the raw sewage and primary 
clarifier effluent, high reductions are obtained because of the dilution 
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The results indicate an increased efficiency of the clarifier during 
the warmer months which cannot be directly attributed to the higher 
recirculation ratios during this period. 

More accurate performance values may be obtained on the basis of 
the quantity of B.O.D. entering and leaving the tank. There are two 
alternative methods: (1) By adding the pounds of B.O.D. in the raw 
sewage to that in the recirculated water and subtracting from this the 
pounds of B.O.D. leaving the tank (see sample calculations in appen- 
dix). This method is based on the assumption that the primary clari- 
fier is serving the function of the secondary clarifier in removing the 
impurities from the recirculated water. (2) By subtracting the B.O.D. 
contributed by the recirculated water from the total B.O.D. leaving the 
primary tank and then by subtracting this value from the pounds of 
B.O.D, in the raw sewage. This method gives values of performance 
as if the filter effluent was not recirculated. The percentages of re- 
moval caleulated on the basis of both methods are presented in Figure 5. 

The reductions calculated by excluding the load contributed by the 
recirculation water are higher than the reductions obtained by total 
B.O.D. entering and leaving the primary tank including the recireula- 
tion water. By disregarding the removal of the portion of the B.O.D. 
contributed by the recirculation it is assumed that effluent from the pri- 
mary clarifier still contained the same quantity of B.O.D. contributed 
by the recirculation, which is obviously not true. A considerable por- 
tion of B.O.D. of the filter effluent is actually removed by the secondary 
clarifier. Hence by assuming that none of this B.O.D. was removed 
by the primary clarifier, a greater credit is given to the removal from 
the raw sewage component than is actually the case. By including the 
recirculation in determining the B.O.D. reductions, values correspond- 
ing more nearly to actual operating conditions are obtained. Selecting 
the proper method of determining the efficiency is difficult, but there is 
no question that the trends obtained by either method are similar. The 
efficiency is low during the winter and increases to a peak during the 
summer, decreasing again to a low value in the winter. Over 40 per 
cent reductions are obtained during the period between May and Octo- 
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ber by including the B.O.D. contributed by the recirculation. A peak 
value of 53 per cent was obtained in August. These values are higher 
than are generally obtained in plain sedimentation tanks. 

These trends in the removal of B.O.D. by the primary clarifier are 
not affected by the strength of sewage, as indicated by the p.p.m. B.O.D. 
shown in Figure 5. Neither are the high removals correlated with in- 
creased detention time due to variations in the flow of sewage and of the 
recirculated water. With the exception of the first winter’s operation, 
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FIGURE 5.—Relationships between the B.O.D. removal by the primary clarifier and the B.O.D. 
in raw sewage, detention time, recirculation ratio, and temperature of the sewage. 


there is a correlation between recirculation ratios and percentage reduc- 
tions. A more positive relationship is obtained with the temperature. 

It is of interest to point out that the higher reductions during the 
warmer months were obtained despite the decrease in the quantity of 
B.O.D. in the recirculated effluent (Figure 6). This fact alone would 
tend to decrease the percentage reductions. During the winter months 
when the total B.O.D. load entering the primary tank was high, the 
reductions were low. Normally, percentage removals increase as the 
concentration increases. Concentrations of both sewage and the re- 
circulated effluent were low during the period of high removals. 
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Figure 6.—The relationship between the B.O.D. removal in the primary clarifier and the 
B.0.D. in the recirculated filter effluent. 


The suspended solids removals in the primary clarifier are.shown 
in Figure 7. The results were calculated by including and excluding 
the recirculated water similar to the method used with B.O.D. removals. 
The reductions obtained by disregarding the suspended solids con- 
tributed by the recirculated water are higher than those obtained by 
taking the total suspended solids entering and leaving the tank. The 
removals were generally lower in winter than in summer, but the maxi- 
mum difference between these two seasons -was not so great as it was 
in B.O.D. reduction. The suspended solids removals can be considered 
as average for plain sedimentation tanks. The relatively higher 
B.O.D. reductions were obtained without an accompanying increase in 
suspended solids removals. In fact, at times, the reductions of B.O.D. 
were nearly equal to the suspended solids reductions. The latter seem 
to be more directly related to the strength of sewage than are the 
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FiaurE 7.—The relationship between suspended solids removal by the primary clarifier and 
the suspended solids in raw sewage and suspended solids in the recirculated filter effluent. 


B.O.D. reductions, particularly during December when exceptionally 
high removals were accompanied by high suspended solids in the sew- 
age. In addition, the removals seem to be generally influenced by the 
concentration and total amount of suspended solids in the recirculated 
water (Figure 6). ; 

If the higher B.O.D. removals in summer were due to more efficient 
sedimentation as a result of lower density and viscosity of the sewage, 
suspended solids removals should be affected similarly. However, sus- 
pended solids removals during this period are either equal to or only 
slightly higher than B.O.D. removals. The high summer removals of 
B.0.D. were not due to an increase in the strength of sewage or an in- 
crease in detention time. It appears, therefore, that factors other than 
those influencing sedimentation are responsible. The temperature re- 
lationship suggests a biologigal factor. Recirculation of the filter efflu- 
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ent inoculates the raw sewage with oxidizing organisms and furnishes 
dissolved oxygen, as suggested by Fischer (2). These factors, in con- 
junction with high temperature, accelerate the rate of oxidation with 
the result that B.O.D. is removed at a relatively greater rate than can 
be attributed to the removal of suspended solids by sedimentation. It 
is to be expected that the greater the rate of recirculation within certain 
limits, the greater will be the tendency to maintain aerobic conditions 
throughout the primary tank and hence the greater the beneficial effect. 
The counteracting factor will be the decrease in detention time. Evi- 
dence already presented shows that, during the summer, percentage 
removals of B.O.D. increase with higher recirculation ratios. On the 
other hand, it does not appear that the quantity of solids or B.O.D. in 
the recirculated water is responsible for the higher removals, since 
during the summer the recirculated water contained the least amount 
of solids and B.O.D. 

In colder months when biological action is retarded, the recircula- 
tion of the filter effluent does not result in high removals of B.O.D. 
Results indicate that the B.O.D. removals during the winter were 
around 30 per cent and the suspended solids removals about 40 to 50 
per cent. It appears that B.O.D. removals in excess of that expected 
by sedimentation alone are not realized during the winter. The re- 
circulation of the filter effluent does not appear to serve a useful pur- 
pose during this period. The clarifier acts only as a sedimentation 
device and loses the added value as an oxidation device. It may be of 
advantage not to recireulate to the primary clarifier during the winter, 
saving the cost of pumping. The increased detention time thus ob- 
tained may be of greater value in obtaining better sedimentation than 
the doubtful effect of recirculation during this period. 

It further follows that the performance of the clarifier is influenced 
by the performance of the filter, and (as shown in the subsequent sec- 
tion) the filter in turn is influenced by the performance of the clarifier. 
Both are influenced by the same factors, namely, the temperature of the 
sewage and the load. When the clarifier is operating under the handi- 
cap of lower temperature the return of the filter effluent with high solids 
and B.O.D. does not help removals in the clarifier. 

The removals of B.O.D. and suspended solids may also be influenced 
by the difference in the relative rates of settling of particles in sewage 
and in the recirculated water. Only the coarser and settleable portion 
of sewage solids contribute to the removals. In the recirculated water 
the solids are more uniform and also in a finer state of dispersion than 
in the raw sewage. Hence, the greater the quantity of solids and 
B.O.D. contributed by the recirculated water, the less the percentage 
removals will be. The recirculation of filter effluent may thus have an 
adverse or a beneficial influence, depending on the interplay of tempera- 
ture and the quantity of material in the recirculated liquid. In the 
winter the recirculated effluent contains more material which is difficult 
to remove by sedimentation and the temperature is not favorable for 
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biological oxidation; hence, the net effect on the clarifier performance 
may be worse than if no recirculation was practiced. 












PERFORMANCE OF THE FILTER AND SECONDARY CLARIFIER OF 
THE BIoFILTER PLANT 


The performance of the filter and secondary clarifier cannot be as- 
sessed on the basis of p.p.m. of B.O.D. or suspended solids applied to 
the filter and in the final effluent because it does not take into account 
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Figure 8.—The relationship between the quantity of B.O.D. applied and removed by the filter 
and secondary clarifier of the biofilter plant. 





the variations in the flow or the p.p.m. B.O.D. and suspended solids in 
the recirculated effluent from the secondary clarifier to the filter. 
Should the load contributed by the recirculated water coming from the 
primary clarifier be excluded or included in determining the load ap- 
plied to the filter? If it is to be included, then it seems logical to in- 
clude also the load contributed by the recirculation from the secondary 
clarifier to the filter. This method would include the maximum load 
derived from the non-settled portion of the sewage and the recirculated 
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flow. On the other hand, it may be argued that the load contributed by 
recirculation does not represent the true load and should be excluded. 
It then becomes difficult to approximate the portion of the sewage 
B.O.D. which passed through the clarifier in the presence of recireula- 
tion. In other words, what portion of the B.O.D. in the primary effluent 
is represented by sewage and what portion by the recirculated water? 
The assumption can be made that none of the B.O.D. contributed by 
the recirculation water is removed in the primary clarifier, as was done 
in assessing the efficiency of the primary clarifier. This assumption is 
obviously not correct and if used as a basis for filter loading would 
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Figure 9.—The relationship between the B.O.D. in raw sewage, primary clarifier effluent and 
recirculated secondary clarifier effluent. 


tend to make the values lower. Both methods of expressing filter load- 
ings are used in this paper, the limitations of both methods being borne 
in mind. Obviously, in assessing the performance of the filter the load 
cannot be expressed on the basis of raw sewage. 

The pounds B.O.D. applied per acre foot per day on the basis of 
primary tank effluent plus the recirculation to the filter, and also on 
the basis of the exclusion of all recirculation, are given in Figure 8 in 
conjunction with the removals accomplished by the filter and secondary 
clarifier. As was to be expected, the load applications excluding the 
recirculation are lower than the load applications including the recircu- 
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lation but follow the same general trend. They are high during the 
first and second winters and low during the summer. The filter loading 
expression including the recirculation is influenced by the (1) sewage 
flow and strength, (2) performance of the primary clarifier, and (3) 
volume and strength of récirculated final effluent. The quantity of 
B.O.D. in the raw sewage, primary effluent, and recirculated final efflu- 
ent, showed the same seasonal trend (Figure 9). They all decreased 
during the summer and increased in the winter. There was, therefore, 
a greater difference between the maximum loading in the winter and 
minimum loading in the summer when the results included the recircula- 
tion than when recirculation was excluded. The load applied to the filter 
was greatly influenced by the performance of the primary clarifier. 
The combined effect was such that in the summer when the filter was 
able to take a greater load, it was receiving a minimum quantity, with 
the result that the removals by the filter and the secondary clarifier 
decreased (Figure 8). The quantity of B.O.D. in the final effluent, how- 
ever, was higher in the winter than in the summer. The percentage re- 
movals by the filter and secondary clarifier, calculated on the bases of 
total load applied and the load applied exclusive of recirculation, were 
as follows: 












































Including Excluding Including Excluding 
Recirculation Recirculation Recirculation Recirculation 

(Per Cent) (Per Cent) (Per Cent) (Per Cent) 
Jan.. 86.5 73.0 Aug........ 87.0 76.5 
Feb... betel 80.0 63.5 Sept..... 88.0 81.5 
March. . 4, 825 67.5 || Oct 83.0 71.5 
April. . toon 85.5 76.5 NOVsi55 25. 83.0 68.5 
May.... | 90.0 85.5 ee 85.0 75.5 
June..... | 87.0 78.5 A ae ae ee 82.0 77.0 
July... 86.5 78.0 el ee a 86.5 83.5 








The percentage removals varied from a minimum of 82 to a maxi- 
mum of 90 on the basis of total load applied and from a minimum of 
63.5 to a maximum of 85.5 when the recirculation is excluded. There 
is no marked tendency toward greater efficiency in the summer as there 
was in the primary clarifier. The primary clarifier was performing 
the maximum amount of work, thus creating an underloaded condition 
in the filter. The filter, however, was removing the greater portion of 
the load during the winter when clarifier performance dropped off. 

These statements are borne out by the following results in which the 
B.O.D. removed by the plant is apportioned between the primary clari- 
fier and filtration and sedimentation. 

The results are based on the difference in pounds of B.O.D. in the 
raw sewage and final effluent, the difference being taken as 100 per cent. 
The portion removed by the primary clarifier is caleulated on the basis 
of B.O.D. leaving the tank, exclusive of the recirculation. 
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| Primary Filter + Sec. | Primary Filter + Sec. 

Clarifier | Clarifier | Clarifier Clarifier 

| (Per Cent) | (Per Cent) | | (Per Cent) (Per Cent) 
TS eee .| 29.5 70.5 jj Aug........-. 61.5 38.5 
Feb..... 43.5 56.5 [are 61.0 39.0 
March. . 54.5 45.5 | ee Mee 43.5 
April....... | ee 6G | 1 Mow.sis.s...c.| Oe 45.0 
May........ | 56.0 MO. TPR... 6.45. | 38.5 61.5 
eee -| 55.0 45.0 || ea a 46.0 54.0 
July | 57.5 42.5 | > eae Sarre 41.5 58.5 





The seatter diagrams of the pounds of B.O.D. applied to the filter 
by including and excluding recirculation, and the quantities removed by 
the filter and secondary clarifier, are given in Figure 10. The re- 
movals increase with loading, as has been shown by earlier investiga. 
tions. The increase may be presented by a straight line. 
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Fiaure 10.—Relationship between B.O.D. applied and removed by the filter 
and secondary ¢larifier. 


An attempt was made to evaluate the relative B.O.D. removals ac- 
complished by the filter in relation with the secondary clarifier. It was 
necessary to exclude the B.O.D. contributed by recirculation. The load 
applied to the filter was calculated as previously, namely, by subtract- 
ing from the pounds of B.O.D. of raw sewage the pounds of B.O.D. in 
the primary effluent minus the B.O.D. of the recirculated filter effluent. 
From the amount of B.O.D. in the filter effluent, the quantity contributed 
by the recirculation from the final effluent to the filter was also sub- 
tracted. The difference between the values thus calculated was taken 
to represent the removal by the filter itself. The additional removal 
accomplished by the secondary clarifier was similarly caleulated. The 
results expressed as percentage of B.O.D. load removed, exclusive of 
recirculation by each unit, were as follows: 
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It will be seen that the percentage removals by the filter varied 
vreatly but were, with a few exceptions, very substantial. There are 
no marked seasonal trends in the relative percentage of B.O.D. removed 
by the filter. The secondary clarifier removed additional B.O.D., the 
inagnitude of which depended on the efficiency of the filter. When the 
filter removed a small percentage of B.O.D. the bulk of the removal 
was accomplished by the secondary clarifier and vice versa. Thus, the 
two units supplement each other and assure a consistently high removal. 
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Figure 11.—Relationship between suspended solids applied and removed by the 
filter and secondary clarifier. 


The substantial reductions of the B.O.D. of the sewage in passage 
through the filter support the view advanced in the previous papers of 
this series that the biofilter is not a mere ‘‘colloider.’’ If the biofilter 
were only a ‘‘colloider,’’ a relatively small portion of the B.O.D. would 
be removed by the filter itself and the effluent from this unit would con- 
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tain substantially the same quantity of oxidizable material as the ap- 
plied sewage, except that it would be changed to an agglomerated form. 
The removal by the secondary clarifier would be the result of sedimenta- 
tion of the agglomerated particles. Undoubtedly, sedimentation in the 
secondary clarifier still plays the major role in B.O.D. removals. The 
removal in the filter itself may be the result of oxidation or the adsorp- 
tion of the impurities by the film. It appears that at times oxidation 
and adsorption more than counterbalance the discharge of solids from 
the film. When the removal by the filter is low, either the impurities 
are not oxidized or removed by adsorption or the rate of discharge of 
solids from the film is accelerated and outweighs the removals. 

Suspended solids applied to and removed by the filter and secondary 
elarifier including and excluding recirculation are presented in Figure 
11. When the recirculation is included, the values for the applied load 
and removals are higher than when recirculation is excluded. As in 
the ease of the B.O.D. results, however, load applications were lower 
during the summer. The percentages of suspended solids removed 
were as follows: 





| 
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In spite of the decreased loading there is a tendency toward in- 
creased removal during the warmer period. 

In Figure 12, the suspended solids loadings are plotted against re- 
movals, inclusive and exclusive of recirculation. 

The numbers of coliform organisms and total bacteria were deter- 
mined in the primary tank and final sedimentation tank effluents. These 
samples were taken only periodically on days when the film samples 
were obtained from the beds. The results are calculated as percentage 
reductions and show the effect of the passage of the settled sewage over 
the beds and through the final settling tanks, excluding chlorination. 
A comparison of the percentage reductions obtained by the biofilter and 
standard filter is given in Table V. During the first three months re- 
ductions of coliform organisms varying from 0 to 77 per cent were ob- 
tained in the biofilter ; these reductions increased to 88 per cent in April. 
From the end of May until the beginning of August, reductions varied 
from 90 to 99.9 pér cent. Thereafter, the reductions decreased and 
fluctuated. Again the response of the filter to higher temperature is 
shown. The primary function of a filter is not the reduction of the 
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FigurE 12.—Relationship between suspended solids applied and removed by the 
filter and secondary clarifier. 


TaBLe V.—Bacterial Reductions in the Biofilter and Standard Filter 
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numbers of bacteria; yet, when such striking seasonal effects are pro- 
duced, they may be considered as symptomatic of the efficiency of the 
biochemical action in the film. It is interesting to note that there was 
little correlation between the reduction of coliform organisms and of 
total bacteria. The reduction of total bacteria was erratic; at times no 
reduction or even actual increases were found, and at other times, sub- 
stantial decreases. The question might be raised as to how it is pos- 
sible to obtain substantial reductions of coliform organisms with no de- 
crease or with an actual increase of total bacteria. The coliform organ- 
isms constitute only a small fraction of the total bacteria and a decrease 
in the former may not register in the total plate counts. It is further 
possible that while sewage organisms such as coliform bacteria are 
being removed from the sewage by the film, other organisms inhabiting 
the film may be discharged in large numbers. The discharge of organ- 
isms may or may not be associated with the discharge of solids. <A 
comparison of the percentage reduction of total bacteria through the 
filter and secondary clarifier with the suspended solids in the final efflu- 
ent (Table II) fails to reveal that the increases in total bacteria were 
accompanied by high suspended solids on corresponding dates. The 
discharge of bacteria from the filter without a noticeable accompanying 
increase in suspended solids is still possible in view of the small size of 
the organisms. 

The relationship between temperature and reduction in the number 
of total bacteria is not so definite as in the case of coliform organism, 
but greater and more consistent total bacterial reductions are obtained 
in summer than in winter. Allen, Tomlinson and Norton (1) have also 
obtained an increase in plate counts in the effluent of a primary filter 
of alternating double filters during the colder period, and substantial 
decreases during the warmer period. They failed to find a relationship 
between the chemical quality (B.O.D. and oxygen consumed) and the 
bacterial quality of the effluents. 

The reductions of coliform organisms in the standard filter were 90 
per cent or higher with three exceptions throughout the period of study. 
Similarly, the reductions of total organisms were uniformly high. The 
reductions of coliform and total organisms were about in the same order 
of magnitude, and a drop in the reduction in one was registered also in 
the other. In these respects the standard filter offers a contrast to the 
biofilter. Like the evidence obtained from chemical results, the per- 
formance of the standard filter is more uniform seasonally. It should 
be remembered that this plant was underloaded. The B. coli reductions 
obtained in this filter during the warmer months were no higher than 
those obtained in the biofilter, but in the latter the bacterial reductions 
as well as the chemical quality of the effluent were affected by the lower 
temperatures. 


Discussion 


The evalution of overall filter plant loadings and removals with or 
without recirculation offers no difficulties. Removals can be deter- 
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mined simply from the concentrations of B.O.D. and suspended solids 
in the raw sewage and final effluent. From the flow figures the loadings 
may be calculated and expressed either as pounds per acre foot per day 
or as pounds per cubic yard per day. Both methods of expression are 
based on unit volume of media and are free from the objections of sur- 
face loading expressions (lbs. per acre per day or lbs. per sq. ft. or 
sy. vd. per day). The volume unit acre foot has been used in this paper 
in preference to cubic yard in order to eliminate fractional figures. 

Difficulties arise, however, in assessing the different plant units 
when recirculation is practiced. The main difficulty consists in deter- 
mining whether the load contributed by the recirculated liquid should be 
considered as a part of the sewage load or should be disregarded. The 
argument may be advanced that recirculation is a feature of the process 
to bring about certain desired results, similar to the return of activated 
sludge, and hence does not constitute an additional load to the units. 
This may be a valid argument but does not resolve the difficulties en- 
countered in making the proper corrections for the recirculation. 

The performance of the primary clarifier unit and of the filter and 
secondary clarifier units can obviously not be assessed on the basis of 
the concentration of the impurities in the influent and efflueat when re- 
circulation is practiced. In the plant under study, recirculation was 
practiced from the ‘filter effluent to the primary clarifier and from the 
secondary clarifier to the filter. The quantity of the impurities (B.O.D. 
and suspended solids) in the raw sewage, in the recirculated water and 
in the effluents must be known. Then certain assumptions have to be 
made. For instance, in the case of the primary clarifier, it can be as- 
sumed that all of the impurities contributed by the recirculation are re- 
moved or that none of them are removed. Neither assumption is cor- 
rect, and the truth lies somewhere in between. 

The removal of the impurities contributed by the recirculation in 
the primary clarifier is not known. It may be assumed that approxi- 
mately the same percentage removal is obtained in the primary clarifier 
from the recirculated portion of the filter effluent as in the secondary 
clarifier. If the latter information is available, then a correction can 
be introduced to permit estimation of the removal of impurities in the 
primary clarifier contributed by the recirculation, and the removal of 
impurities from the sewage can be determined. 

In this paper calculations of performance have been made by com- 
pletely excluding and by including the materials contributed by re- 
cireulating liquids. Although the magnitude of the values obtained by 
these two methods is different, the values indicate the same general 
trend. In the case of filter and secondary clarifier a second correction 
must be made if it is desired to exclude the materials contributed by 
recirculation from the secondary clarifier to the filter. 

It might be said that any attempt to segregate and evaluate the role 
played by each unit of a plant employing recirculation in the purifica- 
tion of sewage will lead to an artificial, foreed, awkward and not neces- 
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sarily accurate method of expressing results. The results presented 
have demonstrated the interdependence of units and the relation of the 
whole process to recirculation. A biofilter plant without recirculation 
would lose its most essential feature, and once the recirculated water is 
mixed with the sewage it is difficult to unsecramble the two. 

The performance of the biofilter plant as a whole was affected by: 
(1) the load variations and (2) the temperature. There were substan- 
tial load variations in the incoming sewage. The B.O.D. and suspended 
solids in the incoming sewage varied from a maximum of 3,300 pounds 
to a minimum of 1,500 pounds per acre foot per day. In addition to 
the magnitude of variation, the distribution of load variation is also 
important from the standpoint of plant performance. The maximun 
load received by the plant occurred during the colder months; thus dur- 
ing the summer months when the plant was able to take a greater load, 
it received actually less than during the winter, making it difficult to 
assess what the plant could do under optimum temperature conditions 
at maximum load. 

The plant removals followed very closely the load received, with in- 
creases and decreases in the load registered on the removals. The ef- 
ficiency of removals as measured by the percentage reduction of B.O.D. 
ranged from 75 to 93 per cent and of suspended solids from 80 to 93 per 
cent. The average B.O.D. reduction during the summer was 89 and 
during the winter 83 per cent, with corresponding values for suspended 
solids of 91 and 82 per cent. Notwithstanding the lower loads during 
the summer, a greater efficiency of removal was obtained. It is reason- 
able to expect that even greater reductions could have been obtained if 
the maximum loads had occurred during this period. 

The performance of the different units was also affected by the load 
and the temperature of the sewage. It is natural to expect that the 
filter itself, which is dependent for its performance on biological activi- 
ties, should be affected by the temperature. However, results pre- 
sented indicate that the performance of the primary clarifier is also 
similarly affected by the temperature. The latter generalization is 
particularly true of B.O.D. removal. While suspended solids removal 
in the primary clarifier was affected directly by the suspended solids 
concentration of the raw sewage, without definite seasonal trends, the 
B.O.D. removals were highest during the summer when the B.O.D. in 
the raw sewage was at a minimum. It is significant that during this 
period B.O.D. reductions (50 to 60 per cent) were at least equal to sus- 
pended solids reductions, whereas in winter the more normal relation- 
ship prevailed, with suspended solids reductions higher than B.O.D. 
reductions. The results, therefore, do not indicate more efficient sedi- 
mentation during the summer as an explanation of this phenomenon. 
The high B.O.D. removals in the primary clarifier during the summer 





were obtained despite the low B.O.D. in the raw sewage as well as in 
the recirculated water. The role played by recirculation appears to 
offer an explanation. Under its influence dissolved oxygen is main- 
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tained in the clarifier and the sewage is seeded with aerobic organisms. 
Under favorable temperature conditions recirculation results in oxida- 
tion, yielding B.O.D. removals higher than would be expected by plain 
sedimentation. In the winter this favorable influence is not exerted 
and the B.O.D. removals are primarily due to sedimentation only. 
Since recirculation does not serve a useful purpose in the winter, it 
could safely be eliminated under prevailing conditions. Increased de- 
tention time and saving in power cost would result. 

The implications of the seasonal performance of the primary clari- 
fier are also important. With a greater portion of the B.O.D. removed 
by the clarifier, the filter receives less B.O.D. in the summer when it is 
able to handle more. In the winter when the biological activities in the 
filter are retarded, it receives a greater load even if the sewage flow 
and strength remain constant. In the plant under study, the load in 
the raw sewage was also lower during the summer and these two factors 
made the divergence between summer and winter loadings greater. Of 
the total B.O.D. load received by the plant a greater percentage was 
removed by the primary clarifier during the summer, but in the winter 
a greater percentage was removed by the filter. On the basis of the 
load applied, the percentage B.O.D. reduction through the filter and 
secondary clarifier did not show a definite summer maximum, as was 
true for plant removals as a whole or primary clarifier performance. 
Other implications of this phenomenon as they affect the quantity and 
the characteristics of the film have been pointed out in the previous 
papers of this series. The quantity and the state of oxidation of the 
film as revealed by ash content, B.O.D., ete. have been shown to be af- 
fected by temperature and load. 

In respect to the relative removals by the filter and secondary clari- 
fier it is noteworthy that substantial reductions of B.O.D. are obtained 
in the filter itself before sedimentation. If the filter was acting as a 
mere ‘‘eolloider’’ the removal of finely divided material from the sew- 
age and the discharge of the flocculated material from the film would 
keep apace. A short period of .storage in the filter itself would not 
materially decrease the B.O.D. of the filter effluent over the influent. 
The secondary clarifier would be the last safeguard to remove these 
flocculated materials. In general, this is true, yet the B.O.D. reductions 
through the filter indicate storage and at times considerable oxidation 
before discharge, corroborating by a different approach the evidence 
derived from the study dealing with the biochemical characteristics of 
the film. 

The quantity of material discharged in the filter effluent also has 
an influence on the primary clarifier, since part of the filter effluent is 
recirculated through the clarifier. The concentration and the quantity 
of B.O.D. in the filter effluent recirculated through the primary clarifier 
decrease during the summer; nevertheless better performance results 
are obtained in the primary clarifier during the warmer months. It is, 
therefore, not the quantity of materials recirculated through the clari- 
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fier that effect a greater B.O.D. reduction. Seeding of the sewage with 
aerobic organisms from the filter is only one of the factors influencing 
the biochemical oxidation in the clarifier, the others being temperature 
and dissolved oxygen. The nature of the flora may change and a 
smaller quantity of materials in the recirculated water may be more 
effective under optimum conditions than a larger quantity which re- 
mains inactive under unfavorable conditions. 

Bacterial reductions through the filter and secondary clarifier cor- 
roborate the evidence obtained by the B.O.D. and suspended solids eri- 
teria discussed above. A substantial reduction of coliform organisms 
was obtained during the summer as contrasted with small erratic reduc- 
tions during the winter. The percentages of total bacteria reduction 
were not so great as the percentages of reduction of coliform organisnis 
and at times there was an actual numerical increase in the final effluent. 

The limited results available on the standard filter indicate a uni- 
formly low suspended solids and B.O.D. in the final effluent not subject 
to seasonal variations.. The strength of the sewage, however, was me- 
dium to weak. The average yearly suspended solids in the raw sewage 
was 173 p.p.m. on the basis of 8-hour daily composites. The B.O.D. in 
the final effluent varied from 4 to 14 p.p.m. and the suspended solids 
from 3 to 16 p.p.m. The percentage reductions of coliform organisms 
and total bacteria were uniformly high and not influenced by seasonal 
variations. 


SUMMARY AND CONCLUSIONS 


The performance of the bio filter plant as a whole and of the indi- 
vidual units during a 14-month period is evaluated. The study is based 
on the results obtained from catch samples of primary tank and final 
effluents during the film sampling days and on the complete plant rec- 
ords, during the same period, on the basis of daily composites. The 
evaluation of the standard filter plant is made on the basis of B.O.D. 
values from catch samples of primary tank and final effluents and sus- 
pended solids values derived from daily plant records from 8-hour daily 
composites. 

The average B.O.D. in the raw sewage during the entire period was 
212 p.p.m. and suspended solids 230 p.p.m. In the final effluent the 
average B.O.D. was 30 p.p.m. and suspended solids 36 p.p.m. The plant 
loading during this period varied from 3,300 to 1,500 pounds of B.O.D. 
and suspended solids per acre ft. per day. An average reduction of 86 
per cent of B.O.D. and suspended solids was obtained through the plant. 

The plant reductions were higher in summer than in winter, whereas 
the B.O.D. load in the raw sewage was low in summer and high in 
winter. 

Calculations in evaluating the performance and loadings of the indi- 
vidual units of the biofilter plant by including and excluding the recireu- 
lation are given. The merits and drawbacks of each method of calcu- 
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lation are discussed. The values obtained by each method, though 
varying in magnitude, give the same general trends. 

The performance of the primary clarifier is greatly influenced by 
the temperature of the liquid, especially in respect to B.O.D. removals. 
The B.O.D. removals increase to a maximum of 50 to 60 per cent during 
the summer with suspended solids removals of nearly the same magni- 
tude. In the winter suspended solids removals are higher than B.O.D. 
removals. The high B.O.D. removals during the summer are obtained 
in conjunction with lower B.O.D. in the raw sewage and the recirculated 
water. These observations confirm previous claims that where recircu- 
lation is practiced the primary clarifier performs a double function, 
namely, sedimentation and oxidation, and is somewhat comparable to 
the aeration tank of an activated sludge plant. The dissolved oxygen 
and the organisms furnished by the recirculation are responsible for 
oxidation and for B.O.D. removals greater than can be expected by 
plain sedimentation. However, such oxidation is dependent on favor- 
able temperature and is negligible during the winter. 

The greater B.O.D. removals by the primary clarifier during the 
summer result in a lower load on the filter when it is capable of handling 
a greater load. In the plant under study there was, in addition, a de- 
crease in the raw sewage load during the summer. The result of these 
contributing factors was that the efficiency of the secondary treatment 
did not show a marked increase in the summer, although the quantity 
of impurities in the final effluent was lower. Thus the primary clarifier 
and the filter supplement each other, the latter removing the greater 
percentage of unpurities in winter and the former effecting most of the 
removal in summer. 

In assessing the relative removals by the filter and the secondary 
clarifier, it was found that although the major portion of the load ap- 
plied to the secondary treatment is removed by the secondary clarifier, 
the filter itself is not a mere ‘‘colloider’’ but at times removes a consid- 
erable portion of the B.O.D. 

Substantial reductions in the numbers of coliform organisms take 
place during passage of the sewage through the filter and secondary 
clarifier. These reductions are also affected by the temperature, being 
higher in summer (90 to 99.9 per cent) than in winter. The numbers 
of total bacteria were at times higher in the final effluent than in the 
influent to the filter, and at other times there was little or no reduction, 
particularly during the winter. 

The standard filter produced uniform effluents with low B.O.D. and 
suspended solids values throughout the period (5 to 15 p.p.m.) and was 
not subject to seasonal variations. However, this plant received weak 
to medium strength sewage (average suspended solids of 173 p.p.m. in 
8-hour daily composites). The reductions of coliform and total organ- 
isms were uniformly high during the different seasons. 
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APPENDIX 
Sample Calculation No. 1 


Removal in the Primary Clarifier 


SUITED ME Se ics Scr oR igs SS LSI Se Sow hoy Ge ET oa Se 1.85 
eT DOS Be ee a oe ree a 215 
SEU ME MDD iho tue as CRIA pa dds aioe laid SRA As beaus DPN 3,310 
IRE 2 ih hp Gas sd Guo nin apeeis <RW asa Fp awl at} 2.92 
5. B.O.D. in recirculation, p.p.m........... EEE Cat RL Peete eS pot be mee 62 
Oo OS ee 1,505 
Teen I TEINS 0, So cc solv cies nies sebdeweesdeesceaeuevdae 4.77 
8. BOD in primary clarifier effluent; p.p.m...: 2... 26.0... ee cee 102 
D; 49.1 an prmary Clarmer emluent, 1D... 6... 66s oe ee ae es vets cee 4,050 


By Including the Recirculation 
(3310 + 1505) — 4050 = 765 lb. removed 
765 
3310 + 1505 





xX 100 = 15.8 per cent removed 


By Excluding Recirculation 
3310 — (4050 — 1505) = 765 lb. removed 
Read xX 100 = 23.1 per cent removal 
3310 
Sample Calculation No. 2 


Removal in Filter and Secondary Clarifier 


SPMD EMEA ENT lnk bs Sons ya Lee cle ge abagicae eu es auaibie dba SW asda Head 1.85 
2. Recirculation from filter effluent to primary m.g.d...........0..00.00-00 00000 cee eees 2.92 
3. Recirculation from secondary clarifier to filter, p.p.m........6..00 000 cece eee eee 2.88 
4. B.O.D. in recirculation from secondary clarifier to filter, p.p.m.................. 45 
RSMO WD) MEV EIMAN MINION, PAID. 5 o.oo cies vis ons coe cessesvenoe Pt eee Spleen Pom 


All other data as given above 


By Including Recirculation 


UA UST 2 EE. TS CUS | Cl a 4,050 
B.O.D. in recirculation from secondary clarifier to filter, lb.........000.00.0000.0.0.004.. 1,080 
APP ae AHR NOD 1.0 OF KGS ID... cic esse reece esebencssenececes 695 


(4050 + 1080) — 695 = 4435 lb. removed 
4435 


ae XK S00 = 50:5 
4050 + 1080 


By Excluding Recirculation 


Lb. B.O.D. applied = lb. B.O.D. in primary effluent — Ib. B.O.D. in recirculation from filter 
effluent to primary 

Lb. B.O.D. applied = 4050 — 1505 = 2545 

Lb. B.O.D. in final effluent = 695 

2545 — 695 = 1850 lb. removed 

1850 


x 100 = 73.0 per cent removed 
2545 , 
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SURVEY OF RESEARCH PROJECTS UNDER 
INVESTIGATION AND REQUIRING 
STUDY—1945 


Research Committee, Section B 
Federation of Sewage Works Associations 


By H. Heuxeiexran, Chairman, B. H. Barton, A. BE. Berry, F. J. 
Brinuey, C. H. Coperty, H. Kiti, V. P. Enzosz, A. L. Genter, 
G. J. Hopkins, W. P. Hucues, W. Q. Kenur, K. C. Laustsr, 
G. Martin, G. W. Marx, L. J. Mureny, R. S. Parmures, 
R. Pomeroy, M. EK. Roaers, R. J. Smirru, Gro. E. 
Symons, F. 8. Taytor, S. R. Werpet, J. WIx- 
LIAMSON, JR., W. S. Wisk, C. H. Youne 


Representatives of all the Member Associations were requested to 
furnish all of the information they could obtain from the members of 
their respective organizations regarding research and problems requir- 
ing investigation. Replies were received from eight groups. An at- 
tempt was made this year to bring the listings up to date by eliminating 
those projects which have been completed and temporarily or perma- 
nently discontinued. Thus, the present report includes only new proj- 
ects or old projects which are still active. 


I. Prospuems Unper INvesticaATIon 


Kighty-two projects are reported this year in comparison with 94 
reported in 1944. The breakdown under the various headings for 1944 
and 1945 is as follows: 


1944 1945 
Lo ee Seow te heme cerns 35 21 
Industrial waste....... one eee 46 
Stream pollution... .. _ 5 Se wine tobe 5 7 
Analytical methods.............. Ou eects a 5 8 
94 : 82 


The decrease in the total number of projects under investigation 
during the present year is caused by a decrease in the number of prob- 
lems dealing with sewage. The number of problems dealing with in- 
dustrial wastes held firm and represents at present over twice the num- 
ber of sewage problems. The breakdown of industrial waste projects 
for the past two years is as follows: 
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The most important change in trend of research in industrial waste 
has been in a striking increase in problems under investigation in the 
paper waste field. This tendency has been catalyzed by the organiza- 
tion of this industry into the National Council for Stream Improvement. 

The prominence displayed by the industrial waste research in gen- 
eral has led to the recognition of the need for more adequate methods 
for evaluation of the character and effects of these wastes on streams. 
The adaptation of established methods such as the B.O.D. and the de- 
velopment of newer methods are awaited before great advances can be 
made in this field. 


II. Prostems Requirinc INVESTIGATION 


Thirty-five problems were submitted for which investigators are 
needed as compared with 41 problems suggested last year. Fifteen of 
the problems requiring investigation deal with industrial waste. De- 
spite the amount of work done with the treatment of textile wastes, it 
appears that there are some unsolved problems still requiring attention 
in this field. 

It is not claimed that the report includes a complete list of all the 
problems both under investigation and requiring investigation. It 
probably represents a fair cross-section of the trends and tendencies in 
research activities at this time. There are undoubtedly a number of 
problems the committee was unable to list because of restrictions in 
travel and pressure of time. Research activities in general have natu- 
rally been curtailed considerably during the war, but there has been a 
stimulation of research in connection with wastes produced in certain 
wartime industrial activities, such as in the manufacture of synthetic 

‘rubber, explosives and paper. With the cessation of hostilities and a 
greater availability of manpower, many ideas that have been dormant or 
placed in the background by other preoccupations will find expression. 

The yearly publication of the report serves a useful purpose in giv- 
ing an advance notice of the problems that are under investigation in 
different organizations. It may happen, as it has in several instances 
in projects listed in the present report, that several similar problems 
are being worked on simultaneously and independently by different in- 
vestigators. This is only natural and not necessarily objectionable if 
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Title of Project 


Description 


Investigator, Organization 








A. Survey of Sewage Research Problems 





































or 


~ 


1] 


| Inventory of sew- 
age works. 


Septic tanks. 


Disposal of septic 
tank effluents. 


Incineration of 
sewage and garbage 
from rural homes. 

Institutions. 


Rainfall, flow, and 
purification. 


High daily rate fil- 


ter study. 


High-rate trickling 
filters. 


High-rate second- 
ary sand filtration of 
trickling filter efflu- 
ents. 


Filter fly control. 


Activated sludge. 


Rate of solubility 
of oxygen from air 
bubbles. 

Vertical aeration 
plate holders. 








Continuing inventory and statis- 
tical study of sewage works in the 
U.8. 


Comparison of usefulness of vari- 


ous detention periods. 


Determination of saturation points 
of fine soils. 


Injecting wastes into the feed screw 
of a standard furnace stoker. 


Basic principles involved in the 
treatment of sewage and waste in in- 


stitutions. 


Effect of rainfall and flow variation 


| on suspended solids and B.O.D. re- 
| moval by primary treatment. 


Study to determine advantages ac- 
cruing to practically instantaneous 
rain-like distribution over the surface 
of high daily rate sewage filters. 

Determination of maximum possi- 
ble B.O.D. loading; ratio of loading of 
B.O.D. to removal; comparison of re- 
circulation with further treatment on 
secondary filter. 

Sand filtration of trickling filter 
effluents at high rates to find satura- 
tion points with (a) continuous rate 
and (b) periodic increases and de- 
creases in rates. 

The control of filter flies with DDT. 


Research on causes and cures of 
bulking at Sioux Falls, South Dakota, 
plant due to the presence of packing- 
house waste. 

Work directed toward increasing 
the efficiency of air application to ac- 
tivated sludge. 

Study of efficiency, distribution and 
clogging. 





U.S.P.H.S., Sanitary Hn- 
gineering Division, Water 
and Sanit. Investigations 
Sta., Cincinnati, O. 

Mass. Dept. of Pub. 
Health, Lawrence, Mass.: 
Mass. State College; Mass. 
Agr. Exp. Sta. 

Mass. Dept. of Pub. 
Health, Lawrence Exp. Sta.. 
Lawrence, Mass.; Mass, 
State College; Mass. Agr. 
Exp. Station. 

W. E. Howland and Don 
E. Bloodgood, Purdue Uni- 
versity, Lafayette, Ind. 

N. J. Agr. Exp. Sta., Dept. 
of Water and Sewage Re- 
search, Rutgers University, 
New Brunswick, N. J. 

N. J. Agr. Exp. Sta., Dept. 
of Water and Sew. Research, 
Rutgers Univ., New Bruns- 
wick, N. J. 

Upper Mississippi Board 
of Engineers aided by U.S.P. 
H.S. at Neosho, Missouri. 


Mass. Dept. of Pub. 
Health, Lawrence Exp. Sta., 
Lawrence, Mass. 


Mass. Dept., of Pub. 
Health, Lawrence Exp. Sta., 
Lawrence, Mass. 


Don E. Bloodgood and G. 
Erganian at Purdue Uni- 
versity. 

C. N. Sawyer, F. 
Mohlman and K. V. Hill. 


W. 


W. C. Killin, Purdue 
Univ., Lafayette, Ind. 


L. E. Langdon (Pacific 
Flush Tank Co.) at Sanitary 
District of Chicago, South- 
west plant. 
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Title of Project 


Description 


Investigator, Organization 








Activity of ac- 
tivated sludge. 
Sludge digestion 


Supernatant liquor 
treatment. 
Supernatant liquor 


treatment. 


Digester pre- 


heaters. 


Digestion of gar- 


Sludge. 


Sludge. 


A study of utilization of activated 
sludge as relates to its rising time. 

Preliminary study on Metropolitan 
(Boston) sludge, for proposed disposal 
works. 

Chemical treatment and thermo- 
philic digestion together with other 
possible methods of treatment. 

Study of treatment by vacuum 
aeration of digester supernatant 
liquor. 


Study of capacities and efficiencies. 


To determine by pilot plant tests 
the volume of gas production per 
pound of volatile garbage material 
when digested with sewage solids. 

Absorption capacity and removal of 
water from different types of sludges. 


Effect of phosphates on coagula- 
tion, settling, digestion and dewater- 
ing of sewage solids. 





Univ. of Wisconsin, Sani- 


| tary Engineering Dept. 


Mass. Dept. of Pub. 
Health, Lawrence Exp. Sta., 
Lawrence, Mass. 

H. E. Babbitt and Ming 
Lee, Eng’g. Exp. Sta., Univ. 
of Illinois, Urbana. 

C. V. Erickson (Pacific 
Flush Tank Co.) at Cleve- 
land, Ohio, and Ann Arbor, 
Michigan. 

C. B. Cox (Pacific Flush 
Tank Co.) at Crystal Lake, 
Ill., andU rbana—Champaign, 
Illinois. 

David P. Backmeyer, Ma- 
rion, Indiana, sewage treat- 
ment plant. 


N. J. Agr. Exp. Sta., Dept. 
Water and Sew. Research, 
Rutgers Univ., New Bruns- 
wick, N. J. 

N.J. Agr. Exp. Sta., Dept. 
Water and Sew. Research, 
Rutgers Univ., New Bruns- 
wick, N. J. 








B. Survey of Industrial Wastes Research Problems 








Settling anthracite 
coal dust. 


Waste problems of 4 
the iroh and steel in- 
dustry. 


Study of alpha 
TNT wastes. 


Effects of TNT 
and synthetic rubber 
wastes on streams. 


Treatment of artil- 
lery shell manufac- 
turing wastes. 


Study on separation and removal 
of fine coal dust and solids from 
breaker wash waters produced in 
preparation of coal. 

Study to develop and improve prac- 
tical and economical method for 
treatment of spent pickle 
primarily for reduction of stream 
pollution. 

A study of the changes in alpha 
TNT wastes resulting in the produc- 
tion of highly colored waters and the 
possible treatment procedures for 
such waters. 

To determine what effects TNT 
and synthetic rubber wastes and de- 
rivatives exert upon various organ- 
isms in streams. 

To establish methods of treatment 
and to reduce pollution. 


liquors 








Pennsylvania Dept. of 
Health, J. R. Hoffert, and 
Anthracite Coal Committee. 


Mellon Inst. of Ind. Re- 
search, Pittsburgh, Pa.; W. 
W. Hodge for American Iron 
and Steel Industry. 


U.S.P.H.S., Sanitary En- 
gineering Division, Water 
and Sanit. Investigations 
Sta., Cincinnati, O. 


U.S.P.H.S., Sanitary En- 
gineering Division, Water 
and Sanit. Investigations 
Sta., Cincinnati, O. 

W. H. and L. D. Betz, 
Philadelphia, Pa. 
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27 


28 


29 


30 


31 


32 


36 


37 


38 


39 


40 


41 


Title of Project 


Description 





Synthetic rubber 
wastes. 


Synthetic rubber. 


Treatment of 
waste waters 
synthetic rubber 
manufacturing. 

Koroseal and Neo- 
prene wastes. 


from 


Effects of DDT on 
fresh water. 


Cyanide wastes. 


Treatment of cy- 
anide waste waters 
from electroplating. 

Oil field brines. 


Treatment of oily 
wastes. 


Filtration re- 
search. 


Laundry wastes. 


Paper pulp. 
Paper pulp. 


Paper pulp. 


Waste problems of 
the pulp, paper, and 
paperboard indus- 
tries. 








Pilot plant studies on the treat- 
ment of synthetic rubber wastes. 


Treatment of wastes from the 
manufacture of butadiene and sty- 
rene, used in the manufacture of syn- 
thetic rubber. 

Development of satisfactory treat- 
ment of butadiene and styrene waste 
waters through removal of oil, reduc- 
tion of B.O.D. and taste and odors. 

Determination of quantities, char- 
acteristics and methods of treatment 
of Koroseal and Neoprene wastes. 


To determine the effects of various 
forms and concentrations of DDT 
dosages upon fresh water flora and 
fauna other than mosquito larvae. 

Treatment of plating wastes con- 
taining cyanides by means of chlorine. 


Removal of toxic constituents. 


Pilot plant studies on the recovery 
and utilization of oil field brines. 


Means of controlling the discharge 
of oily thereby reducing 
stream pollution. 

To reduce oil attached to suspended 
matter. 


wastes, 


Treatment of laundry wastes by 
high-rate trickling filters. 


Basic research dealing with wood 
chemistry and lignin. 

Utilization studies of pulp and 
paper mill wastes. 

Disposal studies of pulp and paper 
mill wastes. 

Reduction of stream pollution and 
recovery of wastes. 


July, 1945 


Investigator, Organization 





U.S.P.ELS., Sanitary En- 
gineering Division, Water 
and Sanit. Investigations 
Sta., Cincinnati, O. 

Metcalf and Eddy, Con- 
sulting Engineers, Boston, 
Mass. 


Koppers United Co., Pitts- 
burgh, Pa., and Metcalf and 
Eddy, Consulting Engineers, 
Boston, Masy 

U.S.P.H.S., Sanitary En- 
gineering Division, Water 
and Sanit. Investigations 
Sta., Cincinnati, O. 

U.S.P.H.S., Sanitary En- 
gineering Division, Water 
and Sanit. Investigations 
Sta., Cincinnati, O. 

Conn. State Water Com- 
mission, Hartford, Conn., 
Wesleyan Univ., Middle- 
town, Conn. 

M. M. Braidech and G. F. 
Barnes, Cleveland, O. 

L. Schmidt, Bureau of 
Mines, Petroleum Exp. Sta., 
Bartlesville, Okla., in coop- 
eration with Kansas State 
Bd. of Health. 

W. Hi. and L. D. Betz, 
Philadelphia, Pa. 


Laboratory of the Atlantic 
Refining Co., Philadelphia, 
Pa. 

Mass. Dept. of Pub. 
Health, Lawrence Exp. Sta., 
Lawrence, Mass. 

D. M. Ritter, Univ. of 
Washington, Seattle. 

J. L. MeCarthy, Univ. of 
Washington, Seattle. 

R. G. Tyler, Univ. 
Washington, Seattle. 

Mellon Inst. of Ind. Re- 
search and Nat. Council of 
Stream Impr. of the Paper, 
Pulp and Paperboard Indus- 
tries, New York City. 


of 
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Title of Project 


Description 


Investigator, Organization 





Aerobic production 
| of yeast from sulfite 
waste liquor. 


| 


Production of 
yeast from sulfite 
paper mill waste. 


Paper pulp. 


| ; 
| De-inking paper 
| mill wastes. 
| 


| Treatment of de- 


| inking wastes. 


Paperboard mill 
wastes. 


Trickling filter 
treatment of waste 
sulfite liquor. 


Studies on the 
treatment of paper 
mill wastes. 

Treatment of rag 
wastes from 
paper mills. 

Recovery and dis- 
posal of sulfite pulp 
liquors. 


cooker 


Treatment of corn 
canning wastes. 








Study includes removal of B.O.D. 
from sulfite waste liquor through pro- 
duction of yeast protein from the 
sugars and other fermentable com- 
pounds. 

Study of means for producing emul- 
sions. 


Basic studies of fundamental factors 
involved in white water treatment. 


Treatment of paper mill wastes 
from de-inking processes for discharge 
into waterways. 


A study of methods for the treat- 
ment of de-inking waste from pulp 
and paper mills. 


Treatment of wastes from paper- 
board mills by flocculation and sedi- 
mentation with and without chem- 
icals. 

Five years of study on trickling 
filter methods of treating sulfite waste 
liquors are being followed up and fur- 
ther developed with existing pilot 
plants. 


Recovery of stock and reduction of 
pollution load. 


Reduction in stream pollution. 


Continuing study to improve meth- 
ods of reclaiming and eliminating ob- 
jectionable pollutional characteristics 
in waste sulfite liquors, soda liquors, 
de-inking waters and white water, in- 
cluding effects of pollution on the 
Clarion River. 

Continuing study on corn canning 
waste treatment works, consisting of 
screens, mechanical treatment, sedi- 
mentation, high capacity trickling 
filter, storage lagoon and regulated 
discharge. 





A. J. Wiley, Sulfite Pulp 
Mfgr’s. Comm. on Waste 
Disposal. At the Inst. of 
Paper Chemistry, Appleton, 
Wisconsin. 

H. Beddoes (Pacific Flush 
Tank Co.) at P.F.T. Testing 
Lab., Chicago, Ill., and 
Neenah, Wisc. 

N. J. Agr. Exp. Sta., Dept. 
of Water and Sew. Research, 
Rutgers Univ., New Bruns- 


wick, N. J. 

Conn. State Water Com- 
mission, Hartford, Conn.; 
Wesleyan Univ., Middle- 
town, Conn. 

Gladys Swope, Mellon 


Inst. of Ind. Research, Pitts- 
burgh, Pa., under auspices 
of Nat. Council for Stream 
Improvement of the Pulp, 
Paper and Paperboard Inds., 
Ine. 

Conn. State Water Com- 
mission, Hartford, Conn.; 


Wesleyan Univ., Middle- 
town, Conn. 
J. M. Holderby, A. J. 


Wiley and H. W. Gehm. 
The Sulfite Pulp Mfgr’s. 
Comm. on Waste Disposal 
and the Nat’l. Council for 
Stream Improvement at 
Inst. .of Paper Chemistry, 
Appleton, Wisconsin. 

Albright and Friel, Con- 
sulting Engineers, Philadel- 
phia, Pa. 

W. H. and L. D. Betz, 
Chem. Engs., Philadelphia, 
Pa. 

Joseph P. Gray, Castanea 
Paper Co., Johnsburg, Pa. 


Blue Mountain Canneries, 
Martinsburg, Pa. 
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06 


57 


59 


60 


61 


63 
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Title of Project 


Description 


Investigator, Organization 











Sodium nitrate 
treatment of cannery 
lagoons. 


Penicillin waste. 


Digestion of yeast 
plant and malt house 
wastes. 


Yeast waste. 


Food dehydrating 
plant waste studies. 


Tannery wastes. 


Tannery wastes. 


Treatment of mer- | 


cerizer wastes. 
Textile wastes. 


Textile wastes. 


Wool scouring. 


Chlorine. 


Lime. 


Biochemical oxy- 
gen demands of in- 
dustrial wastes. 








Study of effectiveness of sodium ni- 
trate and other chemicals in odor con- 
trol and reduction of pollutional 
strength in waste storage in lagoons. 


Development of physical, chemical 


| and biological methods of treatment 


for the 
liquor. 
Study of volatile acids balance. 


disposal of spent ferment 


Digestion and biological filtration 
of spent ferment liquor. 


Determination of pollutional char- 
and unit loadings on 
treatment systems. 


acteristics 


Treatment of tannery wastes more 


| expecially for the reduction of sulfides 


in the final effluent. 

Treatment of calfskin tannery 
wastes to meet certain requirements 
for disposal. 

For caustic recovery. 


Treatment of textile wastes to meet 
certain requirements for disposal. 

Treatment by chemical precipita- 
tion of wastes from cotton or wool 
dyeing and finishing and cotton print- 
ing processes. 

Treatment of wool- 


wastes from 


| . . . 
scouring liquors, with recovery of 


grease. Treatment to prevent stream 
pollution. 

Use of chlorine for the treatment of 
certain industrial wastes. 


Fundamental factors in the use of 
lime for the treatment of certain in- 
dustrial wastes. 


A study of the natural rates of bio- 
chemical oxidation of some of the new 
industrial wastes. 


| Lake, 





Wisconsin State Bd. of 
Health, and Nat’l. Canners 
Assn., L. F. Warrick, T. F. 
Wisniewski and N. H. San- 
born at canning plants in 
Wisconsin. 

N. J. Agr. Exp. Sta., Dept. 
of Water and Sew. Research, 
Rutgers Univ., New Bruns- 
wick, N. J. 

H. E. Schlenz (Pacific 
Flush Tank Co.) at Crystal 
Ill., and Jefferson 
Junction, Wis. 

N. J. Agr. Exp. Sta., Dept. 
of Water and Sew. Research, 
Rutgers Univ., New Bruns- 
wick, N. J. 

Upper Mississippi Board 
of Engineers aided by U.S.P. 
H.S. at plants in Minnesota 
and Wisconsin. 

Mass. Dept. of Pub. 
Health, Lawrence Exp. Sta., 
Lawrence, Mass. 

Metealf and Eddy, Con- 
sulting Engineers, Boston, 
Mass. 

W. H. and L. D. 
Philadelphia, Pa. 

Metcalf and Eddy, Cons. 
Engs., Boston, Mass. 

Conn. State Water Com- 
mission, Hartford, Conn.; 
Wesleyan Univ., Middle- 
town, Conn. 

Metealf and Eddy, Con- 
sulting Engineers, Boston, 
Mass. 


Betz, 


N. J. Agr. Exp. Sta., Dept. 
of Water and Sew. Research, 
Rutgers Univ., New Bruns- 
wick, N. J. 

N. J. Agr. Exp. Sta., Dept. 
of Water and Sew. Research, 
Rutgers Univ., New Bruns- 
wick, N. J. 

J.S.P.H.S., Sanitary En- 
gineering Division, Water 
and Sanitation Investiga- 
tions Sta., Cincinnati, O. 
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Utilization of B.O.D. determina- 
tion for the detection of inhibiting 
substances in industrial wastes and 
the dilutions necessary to overcome 
such inhibiting effects. 


N. J. Agr. Exp. Sta., Dept. 
of Water and Sew. Research, 
Rutgers Univ., New Bruns- 
wick, N. J. 





C. Survey of Stream Pollution Research Problems 





Experimental 
aeration of the Flam- 
beau River. 


re- 


Reservoir opera- 


tion. 


Stream pollution. 


Fish life. 


Toxic effects of va- 


and temperature on 


form and _ enteric 
pathogens when ex- 
posed to chloramines. 





A river popular with sportsmen but 
now heavily polluted with sulfite 
waste liquor is being mechanically 
aerated on a commercial scale to ac- 
celerate natural removal of B.O.D. 
and to increase the D.O. level above 
the critical point for normal existence 
of aerobic biological stream flora and 
especially of game fish. 


Effect of low flow augmentation 
and other changes resulting from 
reservoir operation on pollution prob- 
lems. 

Sources of pollution and conditions 
of the major tributaries of the Ten- 
nessee River system. 

Effect of phosphorus on fish. 


Method for evaluation of toxicity 
effect on plankton forms. 


Studies have been completed on 
efficiency of chloramines in water dis- 
infection. Report in preparation. 


A. J. Wiley, H. W. Gehm, 
L. F. Warrick, H. H. Cool- 
idge, and R. G. Tyler, The 
Sulfite Pulp Mfgr’s. Comm. 
on Waste Disposal. The 
Nat’l. Council for Stream 
Impr., Wis. State Board of 
Health, and the Flambeau 
Paper Co. at Park Falls, 
Wisconsin. 

U.S.P.H.S., Sanitary IMn- 
gineering Division, Water 
and Sanitation Investiga- 
tions Sta., Cincinnati, O. 

G. R. Seott, Tenn. Valley 
Authority, Knoxville, Tenn. 


G. R. Scott, Tenn. Valley 
Authority, Knoxville, Tenn. 

Lab. of Atlantic Refining 
Co., Philadelphia, Pa. 


U.S.P.H.S., Sanitary En- 
gineering Division, Water 
and Sanitation Investiga- 
tions Sta., Cincinnati, O. 








Relative resistance Study completed and_ published, U.S.P.H.S., Sanitary En- 
|of Escherichia Coli | Public Health Reports, 59: 1661 (Dec. | gineering Division, ‘Vater 
and Eberthella Ty- | 29, 1944). and Sanitation Investiga- 
phosa to chlorine and tions Sta., Cincinnati, O. 
chloramines. 
D. Survey of Research on Analytical Methods 
Bromination. Development of a reliable method U.S.P.H.S., Sanitary En- 
for the determination of small! gineering Division, Water 





Studies on deterg- 
ency. 





amounts of bromine. 


Determination of the physical and 
chemical properties necessary for de- 
tergency, the minimum values of 
these that will produce a good deterg- 
ent and simple tests for these proper- 
ties. 


and Sanitation Investiga- 
tions Sta., Cincinnati, O. 
U.S.P.H.S., Sanitary En- 
gineering Division, Water 
and Sanitation Investiga- 
tions Sta., Cincinnati, O. 
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A. Sewage 











Sedimentation. 

| mentation units. 

Sedimentation of | 
sewage. influents upon the efficiency of set- 


Effect of temperature variations in 


| tling. 

Detention periods| Development of a simple field 
of tanks. method to determine the actual de- 

| tention period of settling tanks. 
of | Study of actual against theoretical 

| detention periods for various types of 

| settling tanks and correlation with 

| settling tank efficiencies. 

Derivation of definite standards for 
a well digested sewage sludge based 
on the characteristics of the digested 
sludge and not on the relationship of 
composition of the raw sludge and 
the digested. 

The effect of temperature, recircu- 
lation and type of sewage on filter 
efficiency. 


Sedimentation 
sewage. 


Characteristics of 
a well digested sludge. 


Filter efficiency. 





Efficiencies of various types of sedi- | 


| 
| 


No. Title of Project Description Investigator, Organization 
77 Determination of | A comparison of analytical proce- U.S.P.H.S., Sanitary En- 
dissolved oxygen. | dures for the determination of D.O. | gineering Division, Water 
in the presence of interfering sub-| and Sanitation Investiga- 
stances. tions Sta., Cincinnati, O. 
78 Dissolved oxygen Effect of industrial wastes on dis- N. J. Agr. Exp. Sta., Dept. 
methods. solved oxygen determination. of Water and Sew. Research, 
| Rutgers Univ., New Bruns- 
| wick, N. J. 
79 Accelerating the | An attempt to shorten the incuba- D. E. Bloodgood and G. 
B.O.D. test. | tion period by the addition of active | Erganian, Purdue Univer- 
biologie material. | sity, Lafayette, Ind. 
80 B.O.D. determina- | Development of a technique for the | G. R. Scott, Tenn. Valley 
tion. | B.O.D. determination suitable to | Authority, Knoxville, Tenn. 
| measure the effect of concentrated | 
| wastes upon a stream. 
hed Organic industrial | Determination of the rates of oxida- G. R. Scott, Tenn. Valley 
wastes. | tion of various wastes. | Authority, Knoxville, Tenn. 
82 B.O.D. Effect of certain chemicals found | N. J. Agr. Exp. Sta., Dept. 
in industrial wastes on the B.O.D. | of Water and Sew. Research, 
| Rutgers Univ., New Bruns- 
| wick, N. J. 
TaseE I].—Problems Requiring Investigation 
| 
No. Title of Project Description Suggested by 


P. W.  Ridesel, Minn. 


| Dept. of Health, Minne- 
apolis. 
H. T. Ell, N. J. State 


Dept. of Health, Trenton. 


E. M. App, N. J. State 
Dept. of Health, Trenton. 


E. M. App, N. J. State 
Dept. of Health, Trenton. 


D. M. Ditmars, N. J. 
State Dept. of Health, Tren- 
ton. 


P. W.  Ridesel, Minn. 
Dept. of Health, “Minne- 
apolis. 
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Critical trickling 
filter rates.’ 


Retardation of bio- 
logical treatment 
processes in sewage 
treatment. 


Filter fly control. 


Sand filters. 


After-floeculation 
in sand filter efflu- 
ents. 


Application of 
chemicals to sewage. 


Purification organ- 
isms in __ biological 
treatment of sewage 
and industrial wastes. 

Effective disinfec- 
tion of sewage. 


Automatic disin- 
fection of sewage. 


Disinfection of 
sewage. 

Recovery of bac- 
teria and parasitic or- 
ganisms from soil. 


Determination of the critical appli- 
cation rates between the standard 
filter rates and high capacity filter 
rates at which neither the orthodox 
nor the high capacity filters function. 

What are the retarding or limiting 
factors in biological sewage or waste 
treatment processes? Are they pos- 
sibly toxins or other chemical com- 
pounds which can be eliminated or 
counteracted? 

The possible use and effectiveness 
of DDT in the control of filter flies. 


How will some of the weed killers 
work on intermittent sand filters; will 
they affect the efficiency of treat- 
ment? What is the economy of their 
application? 

What is the cause of after-floccula- 
tion in sand filter effluents after chem- 
ical treatment with alum and how 
can it be remedied? 

Development of improved solution- 
izing equipment for application of 
lime and other chemicals to sewage. 

“ffect of waste composition and ap- 
plication rates upon the types or com- 
bination of types of purification or- 
ganisms developed. 

Effective chlorination 
along South Jersey Coast is counter- 
acted by high H:.S concentration. 
(Possibly caused by long lines, flat 
grades and in some cases allegedly by 
infiltration from sulfide bearing 
muds.) 

Study of full automatic control of 
chlorine disinfection of sewage with 
variable chlorine demand and _ vari- 
able flows. 

Merits of breakpoint chlorination 
of sewage for effective disinfection. 

Recovery of pathogenic bacteria or 
parasitic organisms or eggs from agri- 
cultural soil treated with digested 


of sewage 





sewage sludge. 





D. M.. Ditmars, N: J. 
State Dept. of Health, Tren- 
ton. 


H. T. Ell, N. J. State 
Dept. of Health, Trenton. 


D. E. Dreier, Sr. San. 
Eng’r., Illinois State Sani- 
tary Water Board, also D. 
M. Ditmars, N. J. State 


| Dept. of Health. 


D. M. Ditmars, N. J. 
State Dept. of Health, Tren- 
ton. 


D. M. Ditmars, N. J. 
State Dept. of Health, Tren- 
ton. 


E. 
Dept. 


M. App, N. J. State 
of Health, Trenton. 


H. 
Dept. 


T. Ell, N. J. State 
of Health, Trenton. 


D. M. Ditmars, N. J. 
State Dept. of Health, Tren- 


ton. 


H. T. Ell, N. J. State 
Dept. of Health, Trenton. 
H. T.. Ell, N. J. State 


Dept. of Health, Trenton. 
Conn. St. Dept. of Health, 

Hartford, Conn., Bureau of 

Sanitary Engineering. 








B. Industrial Wastes 











18 









Abattoirs waste 
treatment. 


abattoirs. 


Practical method for treating waste 
waters from small and medium size 





H. E. Moses, Pa. Dept. of 
Health, Harrisburg, Pa. 





















780 


SEWAGE WORKS JOURNAL 


TaBLeE II.—Continued 


July, 1945 
































19 


Or 


P43) 


26 


28 


29 


ae 


31 


| 
No. | 





| 
| 








Title of Project Description Suggested by 
Acid mine | Methods of control and/or treat- H. E. Moses, Pa. Dept. of 
drainage. | ment of acid mine drainage. Health, Harrisburg, Pa. 
Treatment of | The modification of the activated R. I. Dept. of Health, 
brewery wastes by | sludge process to handle brewery | Div. of Sanitary Engineer- 





activated sludge. wastes. 


Textile wastes. | Satisfactory treatment of textile 
; | wastes for discharge to streams or 
| sewage treatment plants. 

Textile wastes. | Development of a higher degree of 

treatment of textile wastes. 

Treatment of sew- Treatment of combined sewage and 

age and cotton finish- | cotton finishing plant wastes. 
ing plant wastes. 

Cotton finishing Treatment of cotton finishing plant 

plant wastes. | wastes containing kier liquors on high- 
rate trickling filters. 

Dye house wastes. | Development of an economical and 
effective treatment of dye house 
| wastes. 

Wool wastes. Treatment of partially degreased 
| wool scouring wastes. 

Tannery wastes. | Determination of results of various 
| methods of treating tannery wastes to 
| a degree satisfactory for discharge to 
| streams. 

Paper mill wastes. | Treatment of paper mill wastes 
|from the manufacture of cigarette 
| paper from flax straw. 

Paper mill white | Comparative study of efficiencies of 

water. | various types of white water save-alls 
| (plain sedimentation, chemical coag- 

| ulation, atmospheric flotation, vac- 

uum flotation and tray clarifier) to 

determine the efficiencies of removal 

of solids to permit maximum re-use of 

| effluent and use of removed solids. 

Paper mill wastes. Development of means to overcome 

the objections to complete re-use of 
all water at box board plants. 

Disposal of indus- Dewatering of sludges on drying 

trial wastes treat- | beds, vacuum filtration, ete., pro- 





| duced on chemical treatment of vari- 
ous industrial wastes such as iron, 
| textile, copper and brass. 

Minimum storage periods, and 
B.O.D. and solids reductions effected 
by the several processes acting upon 
| wastes stored in impounding areas 
| (lagoons) for stabilization. 


ment sludges. 


Stabilization by 
lagooning. 








ing, Providence. 

N. H. Dept. of Health, 
Div. of Chemistry and Sani- 
tation, Concord. 

C. L. Siebert, Consulting 
Sanitary Engineer, 
Hill, Harrisburg, Pa. 

R. I. Dept. of Health, 
Div. of San. Eng., Provi- 
dence. 

R. I. Dept. of Health, 
Div. of San. Eng., Provi- 
dence. 

H. T. Ell, N. J. State 
Dept. of Health, Trenton. 


Camp 


R. I. Dept. of Health, 
Div. of San. Eng., Provi- 
dence. 

Weston and 
Consulting Engineers, Bos- 
ton, Mass. 


Sampson, 


Mass. Dept. of Pub. 
Health, Lawrence Exp. Sta., 
Lawrence, Mass. 

Pennsylvania Dept. of 
Health, Harrisburg, Pa. 


D. M. Ditmars, N. J. 
Dept. of Health, Trenton. 


Conn. State Water Com- 
mission, Hartford, Conn. 


Minn. 
Minne- 


P. W. Ridesel, 
Dept. of Health, 
apolis. 
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C. Stream Pollution 





No. Title of Project | Description Suggested by 





| No problems reported. 








D. Analytical Methods 





33 Determination of | Filtration method based on differ- Conn. State Dept. of 
lence between total solids and dis- | Health, Hartford, Conn., 
solved solids as compared to other | Bureau of Sanitary Engi- 
methods such as Gooch crucible, ete. | neering. 
| B.O.D. of distillery, pulpmill, can- A. J. Wiley, Sulfite Pulp 
| nery wastes, ete. have long been of | Mfgr’s. Comm. on Waste 
| questionable accuracy, and further | Disposal. 
| work should be done to develop, eval- 
| 
| 
| 
| 
| 


suspended solids in 
sewage effluents. 





34 B.O.D. of indus- 
trial wastes. 


| uate and standardize procedures. 
Determination of the B.O.D. of H, T. Ell, N. J. State 
pure organic substances and estab- } Dept. of Health, Trenton. 
| 


35 | B.O.D. of pure or- 
| ganie substances. 
ishment of time-demand relation- 
| ships for variation of solution strength. 
| 





the magnitude of the problem warrants it. Inherently different indi- 
vidual methods of approach may lead to corroboration or to entirely 
different results. At the same time, by giving such advance notice, un- 
necessary duplication may be avoided when a project is contemplated 
and attention may be diverted to other problems, equally pressing. It 
should also help to put the different investigators working on similar 
problems in closer contact with each other for the exchange of mutually 
profitable ideas. Furthermore, the report furnishes an opportunity to 
others confronted with practical problems in the field to communicate 
and obtain such information as may be immediately available and useful 
for the solution of their problems. The results of investigations are 
often either not published or are published a year or more after the 
completion of the project. 

By compiling a list of projects upon which investigation is needed, 
the committee hopes to serve as a clearing house and an intermediary 
hetween the person making the suggestion and the available investi- 
vator. Such an arrangement can be made either through the committee 
or by the interested parties directly. 














Industrial Wastes 





COORDINATED INDUSTRIAL WASTE RESEARCH * 


By Harry W. Geum 


Technical Advisor, National Council for Stream Improvement, Pulp, Paper and 
Paperboard Industries, Inc., New York, N. Y. 


In passing from individualized and small group research on manu- 
facturing wastes and stream pollution to an integrated national pro- 
gram, the pulp, paper and paperboard industries have embarked upon 
a pioneering experiment, which, if successful, may well become the 
model for other industries. The National Council for Stream Improve- 
ment which will undertake this work is at present supported by 75 per 
cent of this industry and is rapidly expanding. As the name implies, 
this organization is concerned with stream improvement and, while re- 
search will be one of its important functions, it is a means to an end 
and not the end itself. Hence, provision has been made to implement 
the assembly of problems, institute research and apply the fruits 
thereof to the solution of immediate pollution problems. Agreements 
whereby existing knowledge and successful methods of waste handling 
will be shared and applied have been instigated. Adequate financing is 
provided by an annual budget of $150,000 to which might be added an 
equivalent sum now expended in existing regional projects. These 
sums are exclusive of expenditures for work carried on by individual 
mills concerning problems peculiar to their plants. 

Those of us concerned with organizing and getting the Council func- 
tioning have found this an involved and fascinating task. It has been 
our job to think out and execute a coordinated plan of action which 
would be acceptable to all responsible bodies concerned and show rea- 
sonable promise of successful development. We believe that it would 
be of interest to this group to review in general the plans worked out 
and now being executed by the Council. 

Perhaps the most important consideration involved in this program 
was to bring together the technically qualified groups involved and in- 
terested in stream pollution, and to have them agree on courses of ac- 
tion whereby they would work together toward solutions to these prob- 
lems to mutual advantage. Despite the existence of some conflicting 
interests, we weré firmly of the belief that these were overshadowed by 
common interests. This thesis has appeared more and more reason- 
able as relationships have developed. Groups, which were of necessity 
included, were as follows: 


* Presented at 17th Annual Meeting, New York State Sewage Works Association, New 
York City, January 19, 1945. 
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1 aper ¢ yaperboard industries. 
Pulp, paper and verboard industrie 
) Pollution control agencies. 
esources, conservation and development agencies. 
R "ces, t 1 devel t age 
) Research organizations. 
) Other industries. 
) Water control bodies. 


( 
» (2 
(3 
(4 
(5 
(6 


The method devised to bring these agencies together throughout the 
areas of the country where the industry is located involves seven re- 
vional committees, consisting of representatives of executive and tech- 
nical capacity empowered to speak for their companies. These men 
were selected in such a manner that all products manufactured in the 
region are represented, as well as each watershed area containing this 
industry. Through meetings of these committees, together with the 
Council’s staff and interested agencies, a firm foundation for coopera- 
tion has already been established and it appears that, in the future, deci- 
sions involving procedure leading to stream improvement will be 
worked out to mutual advantage. 

It is the function of the regional committees to assemble, with the 
aid of the Couneil’s technical staff, research and experience of indi- 
vidual companies in waste treatment, recovery and utilization. This 
material will provide data helpful to some mills where immediate appli- 
cation of such information can be made. It will also prevent duplica- 
tion of effort and investment in unsuccessful devices, as well as provide 
the background for the third committee function, which is the assembly 
of problems for the research groups and the designation of priorities 
for them. Assistance in the latter function will be obtained from 
stream control agencies. When decisions are reached, it then becomes 
the duty of the Council’s staff to provide ways and means of gettting 
the work done. 

The multiplicity of waste and stream problems and the geographical 
distribution of the industry demanded that research projects be spread 
throughout the country. It was immediately evident, however, that the 
services of a major, centralized research organization were necessary, 
which organization would pursue problems of wide interest to the in- 
dustry and serve as a contact group with other industries, wherein the 
use of certain waste material might be involved. This organization 
would also serve as an advisory agent and assist in assembling 
problems. 

The Council was fortunate in obtaining the services of the Mellon 
Institute of Industrial Research to act in this capacity. A multiple 
fellowship was established at this institution under the direction of Dr. 
George Beal. Here a well-rounded technical staff is being developed 
which is equipped with chemical and engineering laboratories. This 
unit will be able to handle a wide variety of problems, as experts in 

organic, physical, sanitary and engineering chemistry will be included. 
The first assignment of this group has been to review published litera- 
ture, prior art on the treatment, recovery and utilization of pulp, paper 
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and paperboard wastes, with regard to modern technology, and to sub- 
mit a series of reports containing summaries of such work for each 
class of wastes, including recommendations as to lines of further study. 
These reports will, together with the industry experience and problem 
assembly, serve as a basis for decisions relating to other research 
projects. 

The Council has entered into an agreement with the Institute of 
Paper Chemistry regarding maintenance of a complete bibliography 
on pulp and paper wastes, whereby all such information published will 
be available to research groups on a current basis. 

It is now well recognized that one important function of a stream is 
the purification of wastes. Streams are, and will always be, employed 
for this purpose, but it is necessary in so using a stream not to overtax 
its ability to do this or destroy the water for the uses to which it is nor- 
mally put. Upon this basis, the waste loading must be predicated. As 
much data concerning the character of streams and the discharge of 
wastes are available and more are forthcoming, the Council has estab- 
lished a project at Manhattan College under Professor C. J. Velz, Head 
of the Civil Engineering Department, under which such data will be 
assembled and analyzed for the purpose of determining the relative 
responsibility for. pollution of the pulp and paper industry, municipali- 
ties and other industries on the watersheds concerned. What degree of 
abatement the mills must provide to put these waters in satisfactory 
condition for the uses to which they are to be put, if others concerned 
do their share, will be determined. The information provided by this 
work will also assist the research and technical staffs in evaluating the 
magnitude of usefulness of processes under development. 

Regional projects supported by the Council will be placed on the 
basis of four considerations, which are as follows: 


1. Concentration of particular product production. 

2. Severity of the stream problems. 

3. Facilities of research organizations in the region. 

4. Facilities of the regional mills for assisting in the work. 


In some cases these will be placed at university and research labora- 
tories and in others at mills. Particular attention will be paid to adapt- 
ing processes to actual mill conditions and to the improvement of unit 
processes and sewering within the mills to reduce waste discharge. 
Many of the larger mills have stream, waste and by-product research 
laboratories. In several instances, groups of the industry concerned 
with common problems have supported research projects directed to- 
ward finding a solution to these. Government laboratories have also 
embarked on research along related lines. To date, the Council has 
established close working relations with these organizations, which will 
undoubtedly go far toward rapidly increasing our knowledge of the 
subject. 
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As research becomes productive, provision must be made for its 
direct application. Prosecution of this function is the responsibility of 
the technical staff. It is planned that further development of processes 
forthcoming from the various laboratories will be carried through the 
pilot, demonstration or full-scale plant development, as indicated at the 
mills themselves. Where necessary, assistance will be provided by re- 
search organizations employed by the Council; general supervision 
coming under the technical advisor’s office. Offers to finance construc- 
tion of such units have been received from a number of member com- 
panies. The development departments of several equipment companies 
have expressed interest in assisting in these projects and will, undoubt- 
edly, give valuable aid in the future. 

The findings of the various research, development and survey groups 
will be made available to all member industry, through the Council’s 
office, and the adoption of particular processes to individual mills will 
be a function of the staff and research personnel. General advice and 
information regarding waste problems will also be provided as well as 
mill survey services. 

During the six months of its activity, the Council has moved steadily 
, toward the development of this program and the next vear should see 
it well under way. 
































Sewage Works Planning 





SANITATION AND TOWN PLANNING * 


By James F. MacLaren 


Gore and Storrie, Consulting Engineers, Toronto, Ont., Can. 


Town planning is among the major subjects receiving consideration 
for postwar construction. Many municipalities and communities are 
giving serious consideration to such projects and some are preparing 
plans for work to be undertaken as circumstances warrant after the 
war. Town planning is a popular subject, for naturally we like to 
think of the elimimation of slum areas and poor housing conditions and 
we look forward to making our towns and cities, and countryside gener- 
ally, more attractive and better places in which to live and work. 

It seems though, that to be sound in our planning, we must maintain 
a proper perspective, and undertake only those works that are logical 
and justifiable steps, having in mind that Rome wasn’t built in a day 
and that we should proceed by putting first things first. 

There is nothing of more importance to the essential life of a com- 
munity than an abundant supply of good water and adequate sanitation. 
It is now realized that the good health of the community is dependent 
on these and that among the numerous public works that we have come 
to associate with modern urban development, none is of more benefit 
to the prosperity and growth of a municipality than a good water works 
system and a good sewerage system with adequate sewage disposal. It 
would seem then that the establishment of adequate sanitation should 
be one of our first considerations in town planning. In addition to 
water works and sewerage, good municipal housekeeping and the pro- 
tection of health involve refuse collection and disposal, including street 
cleaning and general cleanliness. 


ProGress IN SANITATION—CONTROL 


In reviewing the development that has taken place in Canada in the 
field of public sanitation in the past it is clear that in more recent years 
the demand for an abundant supply of ‘‘safe’’ water and for better 
sewage treatment and disposal has increased. Today the importance 
of securing and protecting sources of surface and ground water sup- 
plies by legislation and/or by purchase to insure an adequate supply of 
water is realized. In more recent years the realization that good sani- 
tation is a valuable asset to the good health of the community has 
brought about a different attitude towards the unchecked contamination 


* Presented at Eleventh Annual Meeting, Canadian Institute on Sewage and Sanitation, 
Toronto, November 2-3, 1944. 
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of streams, lakes and shore waters, and against other insanitary prac- 
tices. It is realized that the health of the region outside the community 
and in neighboring municipalities i is as important as the health within 
the community itself. Also, it is realized that the recreational facilities 
afforded by our beaches, lakes and rivers, and the fish life contained in 
these waters, are valuable assets to the health and livelihood of many 
communities and that these benefits are depreciated and have in many 
cases been destroyed by pollution from sewage and trade wastes. 

The realization that our natural waters must be shared by the com- 
munity has quite logically been a contributing factor to the establish- 
ment, in some instances, of water and drainage boards or other authori- 
ties whose duty it is to administer and control the supply of water and 
disposal of sewage and waste in the community. It is to be hoped that 
this tendency will increase as it is a more effective way of safeguarding 
the health and interests of the community than is likely to result from 
independent action by the municipalities; also, in many instances joint 
action will provide better administration and technical direction, and 
will prove more economical. 

Among our most notable achievements in this field in Canada has 
been the creation of the Vancouver and Districts Joint Sewerage and 
Drainage Board established in 1914 and the Greater Vancouver Water 
District established in 1924. Again in the city of Winnipeg and its 
suburban area, primary water supply and sewage disposal are respec- 
tively under the jurisdiction of the Greater Winnipeg Water District 
established in 1913 and the Greater Winnipeg Sanitary District estab- 
lished in 1935; these districts being administered by boards for the 
benefit of the several municipalities all with common interests. In this 
province the Windsor Public Utilities Commission supplies water to the 
city of Windsor and several suburban municipalities, and also has un- 
der its administration the matter of sewage disposal. In the Toronto 
area we have the Mimico-New Toronto Joint Sewerage Commission 
under whose administration sewage from these municipalities, and from 
a portion of the township of Etobicoke, is treated and disposed of. 

A notable instance in this province of co-operation between munici- 
palities worthy of mention is the arrangement between the municipali- 
ties of West Lorne, Rodney and Dutton whereby the former supplies or 
is about to supply filtered water to the other two municipalities. These 
municipalities are small but by working together have been able to over- 
come, or at least lessen, the financial obstacle that stood in the way of 
otherwise obtaining an adequate water supply. 

There appears to be a growing feeling among sanitary engineers 
and health authorities that in many instances sanitation and the abate- 
ment of pollution can be more logically and effectively controlled by 
applying the control to a catchment basin or drainage area, as has been 
the case in some instances when dealing with flood control and conserva- 
tion. The Grand River Conservation Commission is an instance in this 
province of such authority. The Commission, in addition to adminis- 
tering and operating the works for controlling flood waters in the Grand 
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River, controls the release of water from the impounding reservoirs 
thoughout the year as circumstances warrant and thus the situation in 
respect to dilution of the effluents from several sewage treatment plants 
along the river is much improved. 

Also worthy of mention as contributing to our thinking in these 
matters is the very excellent report recently issued dealing with flood 
control and conservation in the Ganaraska River watershed. 

The creation of these authorities whether they be for water supply, 
sewerage, flood control or conservation is tangible evidence that we are 
able to see beyond the narrow limits of municipal boundaries and are 
able to enact legislation for the benefit of the community. It is to be 
hoped that we will continue to make progress in this field because it is 
a good foundation on which to build sound sanitary practice in a com- 
munity. We should continue our efforts to improve legislation in this 
direction. For instance, under Section 101 of the Ontario Public 
Health Act and subject to the approval of the Provincial Department 
of Health, an urban municipality may construct an intercepting sewer 
through, and a sewage disposal plant in, an adjoining township munici- 
pality and if such a system is established then the township has the 
right to enter into an agreement with the urban municipality to connect 
to the sewerage system and have the sewage treated at the disposal 
plant, from any area adjoining the sewage disposal plant or intercept- 
ing sewer in connection therewith in the township. It would seem rea- 
sonable to suggest that the Public Health Act should be amended to per 
mit of two or more municipalities amalgamating in a joint scheme for 
the installation and operation of a sewage disposal plant. At the pres- 
ent time this can only be done by a private bill. Such an amendment to 
the Act would have a tendency to reduce the number of sewage disposal 
plants and with the larger plants it is generally found that the efficiency 
of the treatment processes is better than in the smaller plants. 


SEWERAGE PLANNING 


Today a good sewerage system is a recognized necessity. A sane 
consciousness that good health is a valuable municipal asset and de- 
pends to a large extent upon good sanitation has been a leading cause 
of the willingness of taxpayers to indorse extensive sewerage under- 
takings. However, it would seem that there is no branch of municipal 
engineering in which there has been so much confusion in the minds of 
some people as has been the case when considering and discussing pro- 
posals for sewerage systems and for sewage treatment undertakings. 
This is due largely to the numerous factors that can influence the adop- 
tion of a sewage plan and the failure on the part of many to appreciate 
that some local condition may be a powerful determinant in one case 
and of little importance in another. In some cases the course to pursue 
will be evident and the plan a simple one, but in others the complexities 
of the problems will require prolonged and thorough study and sane 
thinking before the best plan can be adopted. 
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In some cases it will be difficult to determine how far a plan should 
be carried beyond immediate requirements to allow for extension and 
to care for the greater volume of sewage and storm water that will be 
contributed in the future. This problem generally resolves itself into 
one of determining how much the present should be taxed for the benefit 
of the future. In some cases it will be a simple matter to extend a 
sewage scheme as future growth demands, in others it will be obvious 
that to care for future growth will be an expensive matter and it is in 
such situations that the decisions will be difficult. Generally speaking 
the engineer is not justified in being swayed too far in making allow- 
ances for requirements of the future where to do so will place too heavy 
a burden on the taxpayer. 

It is expected that in this country there will be few opportunities 
to plan a whole new city or town in the postwar period. We can assume 
that most of our planning will be confined to schemes within our present 
cities and towns, the purpose of which will be to correct obvious errors 
of the past or to modernize conditions now existing. Other schemes, 
and probably these will be in the majority, will be for the development 
of suburban areas. All such schemes will involve water works and 
sewerage systems and in a great many cases sewage disposal plants. 
When we consider that in Canada today there are only about 500 mu- 
nicipalities with sewerage systems in contrast to about 1,300 with water 
works systems, and of the former only about 115 have sewage treatment 
plants, it will be seen that there is ample opportunity ahead for sewer- 
age planning. 

Regardless of whether we are planning a new sewerage system or a 
water works system or whether we are dealing with the extension and 
correction of systems and plants already in use, our planning must be 
based on a thorougli study of certain important features and require- 
ments that will be found necessary in any case. These include topog- 
raphy, methods of disposal of sewage, sources of water supply, rainfall 
and run-off, population—present and probable, nature and extent of 
industries, street plan, geology, suburban areas and region. These 
items are all important determinants in the design of sewerage and 
water works systems and all must be thoroughly studied and considered 
before basic design data can be adopted with confidence. 


Topography 


The topography of an area is an important feature in any town plan- 
ning study. In the matter of drainage and in the design and planning 
of sewerage systems topography is of the greatest importance. A pre- 
requisite to the serious study of any sewerage system is an accurate 
contour plan of the area under consideration. Such plans should not 
only embrace the area within the existing limits of the municipality con- 
cerned but must be carried sufficiently beyond to determine accurately 
the extent of the drainage area. Neglect to take into account the ex- 
panse and nature of areas tributary, in a drainage sense, to the local 
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area under consideration at the time, will generally result in an im- 
proper and uneconomic solution of a drainage problem or sewerage 
system, as has been the case in many instances in the past. 

In a few of our cities and in fewer towns reliable contour maps are 
available but even where these exist it will generally be found that they 
must be extended. It must always be borne in mind that surface runoff 
has no respect for municipal or political boundaries and while a town 
planning scheme can be confined to an arbitrary area the volume of 
drainage for which storm drains or combined sewers may have to be 
designed, at the time or ultimately, will be influenced by the drainage 
basin and the physical features of the area contained therein. 


Rainfall—Runoff 


An important matter for study is that of rainfall and runoff. The 
rate of rainfall and the available slopes for the sewers are the factors 
that primarily determine the sizes of storm water drains and combined 
sewers. Unfortunately, many records of precipitation are of little 
value because they do not show maximum rate of rainfall in relation 
to time. Such information can only be obtained from recording rain 
gauges and gauges of this type are limited to those larger cities where 
runoff is studied in detail. 

The city of Toronto maintains a number of these gauges from which 
a valuable record of the frequency of downpours of various intensities 
is available over a period of years. Based on a close study of these 
records the general practice in this locality is to design the local sewers 
for a maximum rainfall rate of 2 inches an hour, applying thereto a 
runoff coefficient based on the degree of imperviousness of the surface 
within the areas under consideration. This coefficient may be as low 
as 0.2 for park areas, increasing to 0.85 or 0.90 for closely built areas 
such as in the downtown sections of the city. A recent investigation 
of residential areas containing moderately sized detached dwellings on 
lots with frontages of 35 to 40 feet indicated that a coefficient of 0.45 
to 0.50 was justified. 

It is desirable to make up plans of each area showing thereon the 
ealeulated areas tributary to each street and the volume of runoff 
contributed. 


Separate and Combined Sewers 


Many views have been expressed concerning the relative merits of 
separate and combined sewer systems, but a decision in this respect is 
only warranted after having completed a thorough study of the local 
conditions. In the majority of situations the adoption of the combined 
system will prove the least costly to construct and for this reason such 
systems are more general, particularly in the larger centers. In some 
municipalities both combined and separate sewers have been used where 
extensive low lying areas have to be dealt with. In such cases it is 
common practice to confine the combined sewers to areas that are suf- 
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ficiently high to allow discharge of storm flow without causing cellars 
to be flooded, separate sewers for sanitary sewage being confined to the 
lower elevations from which the sewage can be pumped into the inter- i 
ceptors or directly to the disposal works. In situations where suitable 
storm water outlets are conveniently close and where slopes are favor- 
able to rapid runoff a separate system has the advantage and will in 
all probability cost less. From the standpoint of sewage treatment and 
particularly in situations where complete treatment of the sewage is 
required it seems logical to favor the separate system and unquestion- 
ably there appears to be a growing feeling that in the future the sepa- 
rate system should be adopted in such situations unless the construction 
costs of the sewers substantially outweigh other considerations. : 
Unfortunately there have been a number of cases where sewers that 
were obviously intended to carry only sanitary sewage have become : 
overloaded by the addition of roof water and also by the addition of 
water from surface drains. If a sewer is designed only for sanitary 
sewage, then connections thereto from roof drains and surface drains 
should be prohibited and the ordinance in respect thereto should be 
rigidly enforced, otherwise flooding of cellars and basements may occur 
with resultant damage for which the municipality may be liable. In 
constructing new systems, particularly in the smaller municipalities, it 
imay be found expedient on account of cost to adopt the separate system, 
constructing the sanitary sewers initially and leaving to some future 
date the construction of storm sewers. 
In some town planning schemes the tendency seems to be to favor 
wider streets and boulevards and it is conceivable that such situations 
will influence the selection of the type of sewer. 








Other Influences Affecting the Sewerage System 
g ! : 


In addition to the factors already dealt with, consideration must be 
given to the layout of streets and to the existing main sewers, as these 
may warrant modification of the general plan. Geology is another 
factor that may influence and require modification of a sewer plan in 
the interests of economy. These and other local conditions are worthy 
of study. In some instances provision will have to be made for receiv- 
ing and treating the sewage from a suburban municipality, or munici- 
palities, in order to obtain a satisfactory sewerage plan for the whole 
area. 


Sewage Treatment and Sludge Disposal 


Today there are numerous processes and types of plants in use in 
the treatment of sewage ranging in effectiveness from coarse screening 
and plain sedimentation to the complicated and elaborate plants capable 
of producing highly purified effluents. 

It must be recognized that a sewage treatment problem presents two 
separate phases, one the treatment of the sewage to produce an effluent 
suitable for the point of disposal, and the other the handling and dis- 
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posal of the solids removed from the sewage. Both phases will be influ- 
enced greatly by local conditions. In evaluating degrees of treatment 
of sewage the accepted yardsticks are the B.O.D. test and the removal 
of suspended solids. By weighing these against the volume of dilution 
water and studying the oxygen balance, the sanitary engineer can deter- 
mine how far treatment must be carried to insure meeting the standards 
of control required for the receiving water. Having decided upon the 
degree of treatment to be attained, consideration of the processes to be 
employed and the type of plant best suited to the local conditions should 
be a matter of serious study. 

The use of chlorine in connection with sewage treatment has gained 
in favor in recent years; it is used extensively for disinfection of efflu- 
ents. Other uses are for the control of odors, sludge bulking, filter 
pooling and as an aid in grease removal. In addition to those men- 
tioned other special applications are reported and there appears to be 
a great deal of interest in research work generally having to do with 
the use of chlorine. Even in the case of complete treatment there are 
plants where the effluent is chlorinated during the summer months to 
reduce bacterial contamination as a safeguard to bathing beaches. It 
is expected that chlorination will continue to be an integral part of 
sewage treatment. 

The handling and final disposal of the solids removed from sewage 
has presented many problems that have been the subject of much study 
and research in recent years. One of the most notable advances has 
been that of sludge digestion by means of which the solids removed 
from the sewage by sedimentation are digested in separate tanks under 
controlled temperature conditions: The digested sludge can be readily 
dried on sand beds or mechanically dewatered on filters without giving 
rise to the offensive conditions that made the handling and disposal of 
sludge so difficult in the earlier plants. The gas evolved in the diges- 
tion process is used for heating the sludge, for heating structures and 
in a number of cases is utilized to develop power. In addition to over- 
coming the offensive characteristics of raw sludge, sludge digestion will 
be warranted in the majority of cases on economic grounds. 

Much progress has been made in mechanical dewatering although in 
the smaller plants drying on sand beds will generally be more economi- 
cal. Elutriation of the digested sludge prior to mechanical dewatering 
has come into favor as by this means the amount of chemical required 
to condition the sludge is substantially reduced. 

In respect to final disposal of the sludge the general practice is to 
haul the dried sludge from sand beds or mechanical filters to areas 
where it can be used for filling or where it can be taken for use on the 
land. 

There have been many views expressed concerning the final disposal 
of sludge on the land and whether or not this practice is consistent with 
modern public health standards. The consensus of opinion, however, 
seems to recognize the use of digested air-dried sludge or heat-dried 
activated sludge on crop lands. In the case of gardens the feeling is 
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that the sludge should be spread and spaded in, and should not be used 
where raw-edible vegetables are to be grown. 

More recently there has been some attention to the disposal of di- 
gested sludge in the liquid state, hauling it in tank trucks to farms. On 
economic grounds disposal in this manner may be attractive in some 
instanees but it is a method that offers likelihood of objectionable odor 
and public health hazard. It is not felt that the practice will become 
established except in the case of some small municipalities where suit- 
able crop lands or remote disposal areas are available. 

Incineration is a recent contribution to final sludge disposal and in 
a number of cases consideration of its adoption will be justified. Such 
cases for the most part will be confined to the larger centers where the 
great volume of sludge that must be disposed of presents many prob- 
lems in transportation, disposal areas and handling that can be elimi- 
nated by incineration or by heat-drying. Some advocates of incinera- 
tion claim that its adoption removes the necessity for sludge digestion. 
Incineration of sewage sludge along with garbage has attracted atten- 
tion in some places. Also, digestion of garbage along with sewage has 
received some attention. These different processes and combinations 
are mentioned because of their importance to sludge disposal and to 
emphasize the necessity for studying thoroughly each particular prob- 
lem in the light of the local conditions and prevailing practices in order 
to insure a proper solution of the problem and the adoption of the best 
plan in all the circumstances. 

In the matter of sewage treatment there appears to be plenty of 
opportunity for a large development in this country. As previously 
mentioned, only 115 municipalities have treatment plants in operation 
at present and of these about 40 afford primary treatment only. 

The selection of the type of treatment plant and the devices and 
processes to be employed for treating the sewage and disposing of the 
sludge are matters for considerable study. It is increasingly evident 
that there will be greater insistence on the part of the health authorities 
for complete treatment and that lesser degrees of treatment will only 
be approved in situations where the receiving water affords a large 
measure of dilution and where neighboring municipalities are not de- 
pendent on the body of water or stream for their water supply or for 
bathing. : 


Trade Wastes 


Of the many problems in sanitation with which we must deal, none 
is so perplexing as that presented by trade wastes. The solution de- 
mands close co-operation between sanitary authorities, municipalities 
and industry itself. To the credit of many industries let it be said that 
large sums of money have been spent in research and in efforts for the 
recovery and utilization of waste, but despite accomplishments in this 
direction much remains to be done and the problem has recently been 
accentuated by new processes developed to meet demands of war. In 
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many cases much can be accomplished by treating these wastes at the 
source. In some municipalities the authorities have hesitated to im- 
pose restrictions on local industry but where by screening and settling 
wastes from canneries, meat packing plants, tanneries and others at the 
plants will prevent nuisance in the sewers and will overcome offensive 
and costly operation of the municipal sewage treatment plant, it is logi- 
cal and reasonable to do so. 


Postwar CoNSTRUCTION 


Many of our present towns and cities have grown up on coastal 
waters and on the shores of lakes and along rivers that offer natural 
advantages for recreational pursuits, for parks and landscaping but in 
so many cases the advantages afforded by such blessings have been lost 
as these waters have become polluted. In this province and elsewhere 
in Canada we have instances where cities, towns and industries continue 
to defile and pollute streams, lakes and bordering waters to the great 
detriment not only of the immediate communities but also to regions 
bordering these waters and particularly neighboring municipalities 
situated downstream. 

It was only natural that our pioneer industries, saw mills, grist 
mills, tanneries, woolen mills and pulp mills, sought sites on the banks 
of rivers and consequently communities grew up around them. Sanita- 
tion in those days had not become a municipal problem, or at least not 
recognized as such, and as communities grew and populations became 
more concentrated drains and sewers were constructed here and there 
to suit some local need and generally such outlets were carried to the 
nearest watercourse. However, in the light of our knowledge of the 
art of sanitation and sewage disposal today, there is little justification 
for such practices or for withholding remedial measures to correct 
them. The situations in some municipalities can be rectified at mod- 
erate expense, in others the expense will be considerable, and possibly 
in some instances beyond the capacity of the municipality or community 
to undertake alone. It is to be hoped that in the financial arrangements 
for postwar construction the necessity for carrying out these works will 
be recognized. 

So long as many municipalities lack adequate water and sewerage 
systems and so long as the present filthy and insanitary conditions of 
many of our natural waters remain, it will be difficult to justify expendi- 
ture of public funds on some of the dubious schemes and fantastic 
projects proposed for postwar construction. 
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PLANKTON PRODUCTIVITY OF CERTAIN SOUTH- 
EASTERN WISCONSIN LAKES AS RELATED 
TO FERTILIZATION 


II. Productivity 


By James B. Lackey 


Senior Biologist, United States Public Health Service, Cincinnati, Ohio 


Those unused plants we term weeds, growing on a tennis court or in 
a cotton field, have a high, easily recognized nuisance quality. The sur- 
face waters of lakes frequently support a huge crop of floating or sus- 
pended microscopic plants, along with occasional minute animals. 
These may be weeds as far as their nuisance quality is concerned. By 
definition such floating or suspended forms are termed plankton; there 
is a standing crop of plankton in lake waters at all times, and local or 
short-lived dense aggregates are usually referred to as blooms. Some 
plankton is desirable; some blooms are highly objectionable. Blooms 
usually occur in lakes that are relatively small, moderately hard and 
shallow. There is some evidence that blooming is rare except in tem- 
perate zone lakes. Because of the ability to reproduce quickly, plank- 
ton may develop into a bloom within a few hours from a practically in- 
visible standing crop. Blooms usually consist of a single species. 

Plankton plants and animals lead three types of existence. If color- 
less, such as animals, bacteria or other fungi, they may be holozoie (in- 
gest solid food) or saprophytic or saprozoic (absorb dissolved food, 
either organic or inorganic). If green, blue-green, brown, yellow, olive 
green, red or purple, they practically always contain chlorophyll and 
are holophytic in habit, capable of living on inorganic food. Among 
these lower plants and animals the exact nutritional requirements are 
very imperfectly known. We are also ignorant of the precise nature of 
inany associations which occur too frequently to be without significance. 

Such imperfect knowledge explains why plankton blooms have so. 
long been a puzzle. It is unnecessary to cite the abundant literature 
dealing with it. Welch (1) sums up the matter by saying there is no 
single index of productivity for lakes, and Hutchinson (2) concluded 
that ‘‘in general, clear-cut correlations between chemical conditions and 
the qualitative composition of the plankton‘are not to be expected... .’’ 
Under these conditions, and with findings showing the cosmopolitan 
distribution of microscopic plants and animals, it is easy to conclude 
that almost any large body of water contains all the necessary materials 
to support some of practically every plankton species. Therefore, it 
may be expected that, if sufficient nutrient material be present, large 
growths will oceur. The correctness of this is seen in the use of sewage 
in Germany to fertilize fish ponds, in the enrichment of plankton for 
shell-fish by the use of commercial fertilizer (3), in the large plankton 
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increase reported by Juday (4) in Weber Lake, Wisconsin, following 
the application of soy bean and cotton seed meal, in the great increases 
of river plankton (5) below cities whose treated or untreated sewage 
enters the rivers. 

Since the obnoxious blooms in the Madison lakes consist of chloro- 
phyll-containing plants it might be inferred that they are at least partly 
due to fertilization with N-K—P compounds, much as commercial ferti- 
lizer of this type is used for a successful cotton crop. Sawyer has 
shown in the first section of this paper that such fertilization is indeed 
a fact. 


TaBLE 1.—Physical and Chemical Characteristics of Certain Southeastern Wisconsin Lakes 








Inorganic Inorganic 
| : | Nitrogen Phosphorus 
ore | Deainage| Hake | Mean | Alkalinity |- 8 
bica ama) | (sq. mi.) (fect). oom} ——— phoned ——— — 
mum mum mum mum 
(p.p.m.) | (p.p.m.) | (p.p.m.) | (p.p.m.) 

*Mendota. . . ae 264 15.20 39.7 145-180 | 0.06 0.36 0.01 0.03 
<a at 6 0.75 8.9 | 144-250] 0.07 0.53 0.01 0.02 
PMONGNA.......:. ee 32 5.44 27.5 | 155-194] 0.07 0.91 0.01 0.10 
Co re bis ae 46 3.18 16.1 150-230 | 0.19 2.49 0.24 0.57 
*Kegonsa...... 71 4.91 15.1 150-236 | 0.07 2.03 0.16 0.35 
Ga ; 9 1.45 6.5 178-261} 0.09 0.19 0.01 0.01 
Delavan ...... ee 35 2.83 26.2 | 126-182} 0.06 0.87 0.01 0.07 
Ne eee 36 8.76 64.7 118-182} 0.05 0.14 0.01 0.01 
Koshkonong........... .|2,533 14.80 119-292 | 0.12 1.32 0.01 0.06 
J OS 14 Bis 10.8 | 168-203} 0.07 0.26 0.01 0.01 
Lauderdale (Mill)... ... 12 0.46 8.2 150-212] 0.06 0.20 0.01 0.01 
Nagawicka...... 46 1.43 36.1 144-218] 0.08 0.88 0.01 0.03 
Nemahbin (Upper)......} — 0.42 39.5 | 160-199 | 0.05 0.65 0.01 0.02 
Oconomowoc..... eS 3 1.27 29.8 | 161-196} 0.04 0.15 0.01 0.01 
Okauchee....... ot 10 1.65 39.6 | 143-206] 0.05 0.21 0.01 0.01 
Pewaukee..... : 20 3.59 12.8 | 165-215] 0.06 0.21 0.01 0.01 
J “ pv 11 1.91 20.0 | 151-182] 0.07 0.11 0.01 0.01 





























* Madison, Wisconsin, lakes. 
INVESTIGATION AND FINDINGS 


Five lakes at Madison and eleven in Southeastern Wisconsin were 
studied. Table 1 gives certain physical and chemical characteristics 
for these lakes and for three rivers used for comparison. Koshkonong 
Lake is considered as a river for it is virtually an enlargement of the 
Rock River. All of them are of moderate hardness, all are small, and 
only Geneva exceeds 40 feet in mean depth. Mendota alone has a large 
drainage area. Only three of them, Monona, Waubesa and Kegonsa, 
receive large urban drainages, and these last two are the indirect, but 
quick recipients of urban drainage from Monona, the distance between 
the three being very short. The Madison lakes were studied inten- 
sively, but samples from the other lakes were taken once monthly, or 
less. Therefore, only six sets of samples from each lake are herein con- 
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sidered. For the Crawfish River only three were available. These 
were taken in April, May, July, August, October and November. 
Chemical analyses at these times showed enough nitrogen and phos- 
phorus to support some plankton. 

Figure 1 shows the number of plankton species present in each of 
the lakes and rivers. It varies from 75 in Lakes Mendota and Nemah- 
bin to 146 in Rock Lake, and 158 in the Rock River. The largest and 
the smallest lakes have the least variety of species. Rock Lake with a 
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FiGuRE 1.—The total number of species and the total number of occurrences of all species 
in 16 Wisconsin lakes and three rivers. For each station, 6 samples, taken from April to 
November, are plotted, except that there are only 3 for the Crawfish River. 
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drainage area of 11 sq. mi. (only three of the lakes have smaller ones), 
and exceeded in size by seven other lakes, has the largest number of 
species. Little if any significance can be attached to the number of spe- 
cies present, and it is highly probable that, if a larger number of samples 
had been examined, as many as 90 per cent of the species would have 
heen found in each lake. The greater number for the rivers is largely 
due to the current; some species which in lakes would normally be found 
on the bottom are swept into suspension by the current in rivers, and 
appear in the samples. This is not invariably true; a few species seem 
to be characteristic of rivers, while a few lake species have not thus far 
heen encountered in rivers. Due to the small number of samples con- 
sidered herein, it is easy to note certain species which occurred in only 
one of the lakes or rivers. This was true for the following groups: 


Blue-green Algae.......... ... 4 species : Velroesless 20.66 SP 15 species 
DAQIMEIORS 325. seas a 2 species CHPERE ANG AB 3! 35. 8 Sets Calas he 10 species 
Heferasaniee 6 oo 08 ew dl utds 2 species PU IREIN ores ices. vs cbs ec 6 species 
Cryptophyceae.... si... es 2 species SRR RNA 0's s 58s cria 5 oi aha eee ete 4 species 
Chrysophyceae.........:...... 4 species 3) 1. ae a ra ees 12 species 


Euglenophyceae............... 12 species 
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A few of these may be termed rare organisms, but the greater part 
of them are common, and would eventually have been found in most if 
not all of the waters under study. Some, however, are probably pe- 
culiar to the situation where found. Thus Diplostauron pentagonum 
has never been seen by the writer except in the waters of Monona, 
Waubesa and Kegonsa, although other workers have recorded it else- 
where. To summarize, however, the list of species is large and does 
not indicate marked differences between the several lakes examined. 

The number of occurrences of single species and of all species was 
also recorded. Here too there are many factors to be considered. 
Some organisms, for example, would not be found except according to 
well defined seasonal behavior. An example is the diatom Diatoma 
hiemale, which, as its name indicates, is a winter form. It was wide- 
spread in its occurrence, but was found only in the April samples, when 
the water was still cold. The Cryptophyceae are found at all seasons 
of the year, and they likewise were widespread; but whereas there were 
but 12 occurrences of Diatoma hiemale, Cryptomonas erosa occurred 
100 times. With such behavior on the part of the various species, not 
too much dependence can be placed on the number of occurrences of a 
single species or a group of species. But unsuitable waters would tend 
to have less organisms, hence the chance of finding a species in a small 
sample would be less. There is also a succession; winter species die 
out, but new ones replace them. Figure 1 also shows the number of 
occurrences of all species in each lake or river; the rivers have the high- 
est numbers, and the three fertilized lakes, Monona, Waubesa and Ke- 
gonsa, are next. Actually the Crawfish River is lower than these three 
lakes, but it is to be recalled that only half as many samples were taken 
from it. 

If fertilization is successful for all or certain species, then the num- 
bers of individuals for all or certain species should increase in Lakes 
Monona, Waubesa and Kegonsa. This constitutes the real test of the 
question. There are available four different checks on this statement, 
as follows: 

(a) Total number of all organisms counted. 

(b) Total volume of all organisms counted. 

(c) The number of blooms occurring in the various situations. 

(d) The comparative numbers of certain species. 


The total number of all organisms will not alone suffice, because of 
the great divergence in size of various ones. Chrysococcus rufescens, 
for example, is a sphere 5 microns in diameter, while certain Strombidia 
may be thought of roughly as spheres 50 microns in diameter. The 
volume of the former would be about 65 cubic microns, of the latter 
about 65,000 cubic microns, or a thousand times greater. Even greater 
discrepancies occur in regard to the amounts of Microcystis aeruginosa 
which may be present. This organism forms irregular clumps which 
may vary from a mass of ten or twenty cells, each about 5 microns (2.5 
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microns to 6.0 microns variation) in diameter, to masses three or four 
millimeters in diameter. 

Figure 2 shows the total numbers of all plankton organisms counted. 
Monona and Waubesa exceed all other lakes and rivers, although Kosh- 
konong (Rock River) virtually equals Waubesa. Kegonsa is lower, 
being exceeded by the river stations and by Wingra. However, in 
April there was a bloom of the diatom Fragilaria capuchina, a chain- 
forming type, in Kegonsa, and because of the numbers of this the sample 
was set aside to count this one species later. This sample was lost be- 
fore the count was ever made, but this single bloom would have brought 
the total numbers in Kegonsa up to a considerably higher figure. 
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Figure 2.—The total number of organisms in samples examined from Wisconsin lakes and 
rivers. For each station, except the Crawfish River, 6 samples taken from April to November 
are represented. 


The total volume of the organisms tabulated has not been fully 
worked out, as it is a long and laborious process. Monona, Waubesa 
and Kegonsa seem to have more of the larger organisms than the other 
lakes: such large forms as the diatom Stephanodiscus astraea, the blue- 
ereen algae Anabaena spiroides and Microcystis aeruginosa, the Volvo- 
cale Pandorina morum, and the large olive green flagellate Crypto- 
monas ovata were more abundant in the samples from these lakes than 
the others. Preliminary figures indicate for Monona a volume of about 
five times the highest figure for any other lake except Wingra. Wau- 
besa and Kegonsa seem to have about four times as great a volume of 
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plankton as any other lake except Wingra. These are rough figures, 
but will not be subject to much modification. 

The third consideration, the number of blooms occurring in the 
lakes, is also difficult to evaluate critically. There is no definite crite- 
rion as to what actually constitutes a bloom, and it is easily possible for 
blooms to be missed when they last only a day or so. For purposes of 
this work, it was decided that, when an organism reached or exceeded 
500 per ml. of raw water, it would be termed a bloom. For very small 
organisms, as Chlorella sp., this might not be noticeable in the water, 
but for organisms such as Ceratium hirundinella or Pandorina morum 
vivid discolorations of the water would be evident. Neither would 
blooms be noticeable to the laym .n,if they did not produce some nui- 
sance. For the various lakes surveyed, some information was obtain- 
able as to blooming, by questioning individuals living adjacent to the 
lakes, and by determining whether copper sulphate treatment had been 
‘resorted to or not. According to this evidence blooming, if it occurred 
at all, in the lakes other than the Madison lakes, was negligible. 

According to the samples examined, and using the figure 500 organ- 
isms per ml., the blooms noted in all the lakes were as follows: 


Lake No. Blooms Ccnstituent Genera 


Dinobryon 
Chlamydomonas, Cryptomonas, Rhodomonas 
: Fragilaria, Phormidium, Synedra 
Nagawicka Fragilaria 
Nemahbin Fragilaria 
Oconomowoc Oscillatoria 
Pewaukee Anabaena, Fragilaria 
Wingra Ankistrodesmus, Aphanizomenon, Chlamydomonas, 
Cryptomonas, Dinobryon, Fragilaria, Gompho- 
sphaeria, Melosira, Microcystis 
Ankistrodesmus, Cryptomonas, Cyclotella, Dictyo- 
sphaerium, Fragilaria, Phormidium, Scenedesmus 
fr | Ankistrodesmus, Chlamydomonas, Cryptomonas, Cy- 
clotella, Fragilaria Melosira, Navicula Phormidium, 
Rhodomonas, Scenedesmus 
Anabaena, Chlamydomonas, Cryptomonas Cyclotella, 
Fragilaria, Melosira, Microcystis, Rhodomonas 


Monona. 


Kegonsa 


This list is very instructive. Each of the three fertilized lakes 
showed a variety of organisms attaining high numbers in the course of 
the study, whereas the remaining lakes, except Wingra, did not re- 
motely approach these three. Six of them, including Mendota, did not 
have a single genus which showed 500 individuals per ml. in the samples 
examined, although in all of the samples from Mendota, which.includes 
many more than those reported in this paper, there were four genera 
which attained or exceeded 500 per ml. on 8 occasions. Wingra is 
somewhat of an enigma in its productiveness; there is no satisfactory 
accounting for it thus far. 

In addition to the tendency noted above, it should be mentioned that 
Monona, Waubesa and Kegonsa each had a bloom of Microcystis aeru- 
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ginosa during the study. This is not shown, because the clumps of 
Microcystis were relatively few in number, but their large size more 
than compensated for counts below 500. 

Finally, the evidence for high production in Monona, Waubesa and 
Kegonsa is found in the numbers of Cryptomonas erosa. This olive 
ereen flagellate is common, and occurred in all of the lakes and rivers. 
In addition it occurs during most of the year. It is found in clean 
water, but highly polluted waters are unfavorable to it. Present data 
indicate that its maximum occurrence is in the zone downstream from 
sewage treatment plants, where mineralization is practically complete, 
hut where some traces of organic matter may still be found and where 
there is a B.O.D. range between 1.0 and 4.0 parts per million. Table 2 


TABLE 2.—Numbers of Cryptomonas erosa in Each of the Lakes and Rivers Examined 


Total 
Cryptomonas 
Lake or,River Count Per Cent Occurrence 


100 
100 
Geneva é 100 
La Belle... . 100 
Lauderdale § 83 
Nagawicka......... 100 
Nemahbin 5 100 
Oconomowoc ) 100 
Okauchee } 100 
Pewaukee 83 
Rock... ....;. 67 
Mendota 100 
Wingra 100 
Monona 100 
Waubesa 5 100 
Kegonsa 100 
Koshkonong (River) 100 (7 samplings) 
Rock River 100 (7 samplings) 
Crawfish River (3 samples) 100 (3 samplings) 


shows the numbers of this one species in all the samples taken. It is a 
suitable organism since its occurrence was 100 per cent in all but three 
of the lakes. The high numbers in Monona, Waubesa and Kegonsa 
indicate the fertility of these three lakes, there being almost two or 
three times as many of these flagellates in these three lakes as in Dela- 
van while Waubesa had about 33 times as many as Pewaukee. Since 
Monona, Waubesa and Kegonsa are the highest lakes as to inorganic 
nitrogen and inorganic phosphorus content, any comment seems unnec- 
essary. It might be noted, however, that Koshkonong and Delavan, 
also high in numbers of this flagellate, are correspondingly high in in- 
organic nitrogen and phosphorus. Wingra is a warning against pur- 
suing this reasoning too far, and indicates there are other factors which 
should be considered. 
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SUMMARY 


The facts cited tend to support certain general views. 1. All of the 
lakes contain about the same species of plankton algae and protozoa, 
hence all contain the minimal necessary fertilizing elements. 2. Even 
using samples as small as half a liter or less, the frequency of occur- 
rence of each species is great for each lake. 3. The actual numbers of 
all organisms in any lake is a poor criterion of production because of 
the great discrepancy of organism size. 4. The number of blooms, or 
of high peaks of production, for any or all species, appears to coincide 
with the amounts of plant nutrient material available. 5. Those lakes 
receiving the greatest amounts of nitrogen and phosphorus, and by 
inference other plant nutrients as well, tend to show the greatest total 
number of organisms, the largest number of blooms, the greatest vol- 
ume of animals and plants, and the greatest number of any particular 
species. 
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DESIGN OF FINAL SETTLING TANKS FOR 
ACTIVATED SLUDGE * 


A DISCUSSION 


By Darwin W. Townsend 


Consulting Engineer, Consoer, Townsend and Assoc., Chicago, Illinois 


Test results reported by Mr. Anderson in the January, 1945, issue of 
This Journal, and which in part reflect findings and observations of 
early investigators relative to sludge floe behavior in final settling 
tanks, have been examined with interest by the writer. As a former 
wet nurse to the aerobes at Milwaukee during the infancy and growing 
pang period of activated sludge process development there, the writer, 
feeling that he may be able to offer something constructive, wishes to 
comment somewhat generally upon the author’s interesting narration 
of his recent observations. 

That activated sludge settling characteristics differ materially from 
those of the more ordinary sludges of which we have knowledge, is 
fairly well recognized not alone by engineers who participated in pio- 
neering work, but also by those who subsequently engaged in design and 
operation phases of the process. 

The fact that some settling tanks perform more efficiently than oth- 
ers, a fact which by certain of the author’s implications appears to elicit 
an element of speculation as to reasons why, is no doubt due in large 
part to personal equation factors involving the degree of conception 
and interpretation displayed by the designer, in relation to basically 
indicated necessities, non-essentials, and ‘‘must nots.’”’ 

If a group appraisal of currently employed designs of all types were 
attempted, it might well incorporate the following categories: (a) de- 
signs which over-emphasize structural economy and under-emphasize 
adaptation, (b) those which emphasize neither of the foregoing, and 
(c) designs reflecting attempts to reconcile basic necessities and struc- 
tural economies, and the broader phase of over-all plant operating 
efficiency. 

Karly investigators at Milwaukee were vitally concerned relative to 
settling and concentrating tendencies of aerated sludge floc, and also 


* Original paper by Norval E, Anderson published in This Journal, 17, 1, 50 (January, 
1945). 
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with the intimately related problems of how best to conform designs 
to characteristic settling patterns observed and studied continuously 
over a period of years. 

During those years many forms of sizeable scale tank units were 

conceived, constructed and operated, and early in the work, the definite 
conclusion became apparent that designs heretofore adapted to other 
treatment processes were not adaptable to the practice of activated 
sludge. 
Settling currents observed by Mr. Anderson, particularly the up- 
turn and counter variety, dictated to the Milwaukee engineers the wis- 
dom of developing designs calculated to avoid creating such currents. 
It is unfortunate, perhaps, that negative findings have been so con- 
sistently perpetuated and magnified through intervening years. 

A round concrete tank, 30 feet in diameter with center inflow and 
peripheral outflow, was constructed at Milwaukee in 1916 and was re- 
ferred to as the ‘‘demonstration’’ tank. That the name was well chosen 
was proven in subsequent operation; the demonstration having left 
little doubt in the minds of the designers on the question of erroneously 
conceived adaptations. In retrospect, it was an amazing demonstra- 
tion of how not to attempt to harness and confine current-conscious floc, 
frantically but hopelessly seeking a favorable opportunity to rest and 
concentrate (we had hoped), while at the same time unerringly over- 
populating the outgoing effluent at an alarming rate. 

This experience was among the first of many surprising introduc- 
tions to sludge floe current phenomena, and it is vividly recalled that 
personal reactions thereto were not strictly of the ‘‘hail-fellow-well- 
met’’ variety. It did, however, serve the very useful purpose of indi- 
eating the necessity for a more compatible degree of understanding 
between the two major elements involved, namely, the human and the 
inanimate. 

If a ‘‘rose (I use the term loosely) by another name smells just 
the same,’’ the sludge floc density currents observed and studied by 
Mr. Anderson, and earlier by investigators at Milwaukee, would, 
through the similarity of their ‘‘wanderlust’’ tendencies, appear to be 
reasonable facsimiles of one and the same thing. Continued explora- 
tory work with the 30-foot diameter experimental tank, and other trial 
units, some of which were of partial glass construction and illuminated 
from within, disclosed certain facts which our forethought had failed 
either to anticipate or appraise adequately. For example, the cross, 
up-turn, and counter currents observed, all of which are functions of 
velocity and related to elementary hydraulic phenomena, could have 
been anticipated without trial, but a trial was obviously justified to dis- 
close the extent to which those currents retarded settling and reduced 
tank efficiency. While reduced rates of inflow reduced disturbances, 
because of reduced velocities, the currents were not eliminated nor even 
sufficiently minimized to rate the favor of the designers toward the prin- 
ciples which the tank design incorporated. 

















Vol. 17, No. 4 , CONTRIBUTED DISCUSSIONS 805 


Gravity displacement of sludge floc attributable to density, when un- 
influenced by externally applied flow velocities, occurs in an essentially 
vertically downward direction, as will be shown later. Such lateral floe 
movement as invariably occurs in the presence of the applied flow ve- 
locities of continuous settling, responds to rate jncrease or decrease as 
flows admitted are augmented or diminished. 

The writer has no personal knowledge of any natural tendencies in- 
herent in concentrating sludge when floc dispersion appears to be uni- 
form, which could cause it to flow laterally of its own accord. Unbal- 
anced concentrations of solids, however, function differently, and have 
frequently been observed to cause lateral movement as the concentrate 
levels off and expands laterally into adjacent zones of lesser density, 
due to the momentum imparted by its greater density. These observa- 
tions indicated to the Milwaukee engineers, as they may also indicate to 
Mr. Anderson through his similar observations, that a central heavily 
concentrated point of inlet tending to pyramid solids is far less desir- 
able than several inlets of combined greater area which accomplish a 
wider and less concentrated degree of dispersion, and minimize pyra- 
miding and its effect in creating density currents. In the design of the 
Milwaukee tanks, the North side tanks, and, in subsequent designs by 
the writer, the latter of these two methods has been preferred and 
employed. 

It may be deduced that the concentrated inlet method may produce 
undesirable disturbances in any tank, varying in degree with the shape 
of a tank, but, whether the shape be round, rectangular, octagonal, or 
square, multiple points of inlet can be adapted.. The form of tank used 
may be at the discretion of the designer and depend upon his evaluation 
of structural factors, space and other economies. 

The writer is definitely apprehensive of results obtainable in tanks 
which fail to take the foregoing indicated essentials into account. Fig- 
ures 1 and 2 show diagrammatic adaptations of round, square, and 
rectangular tanks, all of which, in the writer’s judgment, could be con- 
formed reasonably well to good practice, and any one of which, for a 
given sewage, could be expected to produce a good standard of effluent 
and a fresh sludge of at least 1 per cent solids concentration or higher. 

The most outstanding example of a design which would appear to 
violate nearly all of the basic essentials, in the writer’s judgment, is a 
rectangular tank to which the flow is admitted at one end and the effluent 
is taken off at the other and, to further add to the chaos, the sludge, if 
it could qualify as such, being calculated to move throughout the length 
of the tank to a single point of discharge. 

Tank depth necessary appears in the light of present knowledge, to 
depend mainly upon the factors of sludge settleability (Index), and up- 
wardly expanding floc dispersion in the settling and concentrating 
zones, the extent of the latter depending in turn upon degree of disturb- 
ance due mainly to the higher velocities prevailing at maximum peak 
rates of flow. Observations of the maximum extent of likely sludge 
blanket depth increase at Milwaukee led to the adoption of a 15-foot 
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liquid depth for the tanks, and, except for infrequent instances of ‘‘bulk- 
ing,’’ it has been possible to maintain clear zones sufficient in depth 
to consistently assure a good quality of effluent. 

In some of the writer’s later designs, where the ratio of peak to 
average rates of flow was less than at Milwaukee, a depth of 12 feet has 
been used successfully. : 
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Figure 1.—Cireular tank. 
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FiGuRE 2.—Square or rectangular tank. 
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Regarding the question of optimum tank size, it is the writer’s 
thought that practical considerations relative to the number of units 
desirable for a given plant layout may outweigh those of a strictly tech- 
nical character. Flexibility of operation is important and in a large 
plant the units may be so sized that with one or more down for repair 
simultaneously, an unduly heavy load will not be placed upon those re- 
maining in service. The writer is of the further opinion—again refer- 
ring to the largest plants—that facilities such as are advised frequently 
herein for inletting aerated liquor, and for outletting effluent and 
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sludge, are practicable and economically feasible without regard neces- 
sarily to tank area. 

Mr. Anderson’s inwardly positioned concentric effluent channel de- 
sien for a round tank appears to be a proper adaptation and should 
justify his conception of its desirability. The cause of the up-turn and 
counter currents, however, still remains and may be expected to con- 
tinue to function as a retarding factor to settling, so long as center feed 
is employed. In this connection, the writer wonders whether Mr. An- 
derson, who appears to prefer round tanks to square or rectangular 
forms, has given thought to interval submerged peripheral inflow as a 
further means of obtaining improved tank performance. 

Conclusions of the writer favor designs which eliminate vertical 
walls so positioned as to offer surface against which currents of floc 
might impinge and be deflected upward and counterwise into clear 
zones. They likewise favor low velocity inletting in the interest of 
minimizing cross currents. i 

Again referring to Mr. Anderson’s channel design, it occurs to the 
writer that increased overflow rates, reduced rates of overflow per unit 
of channel, or reduced velocity of approach to the channel could be 
obtained if cantilever supported connecting lengths of reduced cross 
section channel were to be extended radially inward at intervals, from 
the concentric channel toward the center of the tank. At intervals 
where such radial channels might occur, the cantilever main channel 
supports could be designed as suitable extensions for supporting the 
branch channels. The permissible length of branch channels would be 
limited, probably by the diameter assumed for the floc dispersion area 
of disturbance at the center of the tank. 

Being duly mindful of the fact that for a similar degree of concen- 
tration obtainable in 30 minutes in undisturbed settling, the detention 
time required in a continuous displacement tank may range from 4 to 5 
times that long, affords a reminder to emphasize the magnitude of the 
extent to which settling and-concentrating processes are retarded by 
multi-directional currents present within the tank, the extent of con- 
centration within the unit being measured by the yardstick of the mois- 
ture content of the sludge withdrawn. 

The sensitivity and mobile potentialities of sludge floc, both concen- 
trated and unconcentrated, as a result of its low specific gravity and 
relatively low static resistance, are such as to render it delicately sus- 
ceptible to motion induced by currents, even those of a surprisingly low 
order. Possibly the following may serve to further illustrate this 
point. 

Following the initial floe dispersion and velocity reducing stages 
prevailing upon inletting aerated liquor into a container, the phenomena 
of coagulation and gravity precipitation begin and the following activi- 
ties have frequently been observed: As the downward velocity of floc 
accelerates due to its increasing size as a result of coagulation, the trail- 
ing reverse direction displacement currents induced, are, while of a 
necessarily low order, sufficient in magnitude to catise immediately ad- 
jacent floe of lesser specific gravity to rise vertically through substan- 
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tial distances. Such rise continues at progressively decreasing rates 
until the initially imparted momentum is dissipated and a state of mo- 
mentary equilibrium prevails, after which a secondary stage of coagula- 
tion and precipitation takes place. As reported by the writer in ‘‘Set- 
tling Characteristics of Activated Sludge,’’ Proceedings, American So- 
ciety of Municipal Engineers (1931), three clearly defined stages of 
floc precipitation have been observed to occur. 

The concentration stages of bottom sludge deposit proceed in accord 
with logical expectations and known laws, the floc of greater densities 
moving into the lower zones, thus creating a stratified composite. In 
continuous settling, as practiced and as differentiated from that above 
described, the velocities of the various multi-directional currents result- 
ing from aerated liquor inletting, and effluent and sludge outletting, plus 
secondary velocities attributable to density currents, introduce a com- 
plexity of settling retardation velocity factors which obviously are not 
susceptible to elimination. The velocities, however, are susceptible to 
control by designers if they become ‘‘low velocity’’ minded, and incline 
toward the selection of shorter travel distances for the essential aerated 
liquor and sludge flows, rather than toward longer ones. 

The foregoing suggests multiple appropriately located effluent take- 
off channels instead of the single ones frequently and ofttimes erro- 
neously used, and it suggests also the importance of using more than 
one point of removal for settled sludge. Further desirable velocity 
correction is obtainable by using larger aerated liquor submerged inlet 
openings, appropriately positioned horizontally and vertically. 

The reasons for the designs as developed at Milwaukee became 
known to the designers prior to the time of design, and in much the 
same manner as they have since become apparent to Mr. Anderson 
through his observations of the activities occurring within the inner 
sanctum regions of settling tanks. It is hoped that continued explora- 
tory work may tend to stimulate appreciation and more adequate recog- 
nition of fundamentals, which in the past appear to have been notably 
inconspicuous, in many instances, because of their all too frequent 
absence. 

Verification, in part, of earlier findings afforded by Mr. Anderson’s 
work, is of pronounced interest, and the writer commends the content 
of his paper to the attention of designers of activated sludge works. 
The methods described by the author for locating and studying density 
currents are unique, and to the best of the writer’s knowledge similar 
ones have not been employed elsewhere previously. Continued investi- 
gational work, it is hoped, may indicate to Mr. Anderson, as it has pre- 
viously indicated to others, that the currents with which he is concerned 
may assume a minor role in tank efficiency, as improved means for mini- 
mizing their importance are developed. 

In closing, occasion is taken to reiterate the following which appears 
in a former paper by the writer. 

“Tt would obviously. be difficult to set up definite settling tank design factors ap- 


plicable to all sewages and the sludge resulting therefrom, and conservative design as- 
sumptions must be made in the instance of each specific sewage.” 
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OPERATION INFORMATION EXCHANGE 


Nothing gives us greater pleasure than to see the facilities of the Federation 
used to advantage. Consequently, we derived considerable satisfaction from the 
exchange of letters which took place between Superintendents Walter Sperry of 
Aurora, IIl., and Ted Lovell of Marshalltown, Iowa, after this office had brought 
them together for a mutual pooling of experiences in regard to metallic corrosion 
(see ‘*Tips and Quips’’ column, this issue). Much of the content of the letters 
exchanged is believed to be of sufficient general interest to warrant publication. 

‘‘The advancement of fundamental and practical knowledge .’ is a pri- 
mary function of the Federation, and is so stated in its Constitution. To ac- 
complish this objective for the benefit of those engaged in plant operation, we 
must first be advised of the nature of specific problems and, second, we must 
have knowledge of instances in which similar problems were met and solved, 
wholly or in part. The first requirement is easy to fulfill—inquiries regarding 
troublesome operation problems are welcome at the headquarters of your Fed- 
eration and will receive careful attention. The second requirement, the availa- 
bility of information leading to the solutions of these problems, is more difficult 
but would be less so if those operators who are successful in effecting solutions 
would let us hear about them! Yes, the latter statement is just a roundabout 
way of asking again for letters, notes or articles describing practical operation 
procedures, whether the problem involved is major or minor. 

When an inquiry is received, a search is made for any answers which may be 
contained in the published literature. Then, an effort is made to recall indi- 
viduals whose experience might have included the same problem and the inquiry 
is passed along. If no immediate solution or assistance can be suggested, the 
matter might be publicized in the Journal with a plea for aid or, if of sufficient 
general interest, it might be referred to a Federation committee for study. 
Furthermore, when adequate immediate advice cannot be offered, the problem 
is kept ‘fon tap’’ for later attention in case something pertinent’ to it should be 
encountered. 

Our headquarter facilities are modest but a real effort is made to help. The 
‘‘Service’’ file now receives about 250 items each year, the inquiries covering 
such matters as technical problems, priorities, administrative matters, personnel 
placement and other things. Some measure of assistance has been given in 
nearly every case. 

Let there be no hesitancy about using the central office of the Federation as 
an operation information exchange! There is much to gain and nothing to 
lose by such participation. Please keep in mind, however, that the exchange 
operates in both directions—that it is a ‘‘give and take’’ proposition. Every- 


thing possible will be done here to see that the answers get to the places at which 
they will do the most good! 


W. H. W. 
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W. P. B. RELAXES CONSTRUCTION RESTRICTIONS 
Order P-141 Revised 


By amendments effective May 29, 1945, Order P-141 covering main- 
tenance, repair and operation of sewage works now permits increased 
construction of facilities under simplified conditions. In announcing 
the amendments, M. D. Sullivan, Chief of the Sewerage and Sanitation 
Section of the Government Division of W. P. B., summarizes the revi- 
sions as follows (see This Journal, 16, 6, 1250 (November, 1944) for 
Order P-141 as previously in force) : 


“The principal change in the Order relates to the increase from $1,500 to $25,000 in 
the net material cost of sewerage jobs, including buildings, which can be built without 
War Production Board authorization. An AA-3 rating and the allotment symbol MRO- 
P-141 is assigned for materials for such construction. Buildings for sewerage systems 
were formerly controlled by Order L-41. A revision of that Order eliminates any refer- 
ence to buildings so that such construction can be incorporated under P-141. 

“The AA-1 rating for materials and equipment for MRO purposes remains the same. 

“Another important change relates to the exclusion from the definition of inventory, 
paragraph (a)(11), of materials to be used for plant additions. On the basis of this 
change, we thought it unnecessary to raise the $5,000 inventory limit now in the Order. 

“Tn view of the increase to $25,000, Form WPB-3445 formerly required under para- 
graph (g)(2)(v) is no longer necessary for the types of projects described under 
paragraph (g) (2). 

“There are a few other minor changes such as the omission of the provision in para- 
graph (g)(1) restricting the use of iron or steel pipe in house connections, and the omis- 
sion in paragraph (f) (3) (iii) of the report when deliveries and withdrawals exceed the 
base period limits due to the maintenance and repair occasioned by acts of public enemy, 
sabotage, explosion or by fire or flood.” 


All inquiries and other correspondence pertinent to sewage works 
priorities should be directed to the attention of Mr. Sullivan in the War 
Production Board, Washington 25, D. C. 

’ 





OPERATION OF SCREENS, GRIT CHAMBERS AND 
SEDIMENTATION TANKS * 


By R. C. Merz 


Sanitary Engineer, Chain Belt Company, Milwaukee, Wis. 
fe. 
ScREENS 


First of all, let us consider the function of a bar screen. The pri- 
mary purpose of mechanically cleaned bar screens, or hand cleaned bar 
screens, is to protect the equipment which follows the screen in the 
treatment process and for that reason it should always precede all other 
equipment, including the grit chamber. Screens are necessary to pro- 
tect pumps from injury, grit collector equipment from being fouled with 


* Presented at Illinois Sewage Works Short Course, University of Illinois, Urbana, March 
29, 1945. 
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rags, and to prevent clogging of gates, siphons, trickling filter nozzles 
and other plant items. The removal of screenings will reduce the vol- 
ume of unsightly scum at settling tanks and minimize the formation of 
heavy scum layers in digestion tanks. In cases where prechlorination 
is practiced, it is essential that the large solid matter be removed by a 
screen since such materials are not readily penetrated by chlorine. In 
a few instances, it may be that a screen is the only treatment unit re- 
quired. Where considerable dilution is available and it is possible to 
discharge the raw sewage directly into the receiving stream, screening 
should still be resorted to in order that the large solids will be removed 
and formation of unsightly seum blankets lessened. A third reason for 
using the screen is that it may be a substitute for sedimentation. In 
such cases, a fine screen is used, or one having openings of generally 
4-inch or less. At the Milwaukee activated sludge plant, for instance, 
a battery of fine screens takes the place of the usual primary sedimenta- 
tion tanks. These are drum screens having slotted openings 42-inch 
wide X 2 inches long. Although their use is not common at present, 
fine screens are being used to some extent instead of primary tanks 
preceding certain high rate filter processes. 

Now a word about the hydraulic considerations at a screen chamber. 

A sereen should be so designed that it will have ample capacity to pass 
the maximum flow, with the velocity through the bars not exceeding 2 
feet per second. If a combined flow is being handled, where the peak 
storm flow greatly exceeds the peak domestic flow, it is safe to design 
on the basis of a velocity of 3 feet per second. As soon as velocities rise 
above these figures, several things happen almost simultaneously which 
can only result in trouble. Materials which may clog the pumps or 
cause some other damage will be forced through the bars; the screen 
will begin to plug rapidly; and the head loss will immediately begin to 

_rise with equal rapidity. High head loss may put an undue strain on 
the equipment and will be directly responsible for an unwelcome plant 
surge as soon as the rack is cleaned. For those who have been experi- 
encing any screening difficulties, or any plant operation difficulties 
traceable to the screening equipment, an investigation of the velocities 
in the sereen chamber would be time well spent. If velocities are too 
high, they can be controlled through the use of weirs or baffles, which- 
ever may be necessary. The minimum velocity obtaining ahead of a 
bar rack is also important. The screen channels should be of such size 
that the velocity in the channel does not drop below 1 foot per second 
at any time and cause deposition of grit or of organic solids. If veloci- 
ties are known to be too low, it is comparatively easy to narrow the 
channel. 

If the plant is served by a hand cleaned bar rack, and flows have in- 
creased to the point where an unreasonable amount of attention must 
be given the rack to keep it clean, the situation can be relieved by in- 
stalling a mechanically cleaned bar screen which will give greater ca- 
pacity. This piece of equipment is readily adaptable to an existing 
channel with practically no changes in the existing structure. ’ 
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The approach to the bar rack is worthy of careful consideration. 
Too often the sewage is brought into the screen chamber from one side 
after which it is supposed to change course by 90° and flow through the 
rack. The result is a piling up of the debris on one side of the bar rack, 
resulting in an unbalanced load on the rack itself as well as the cleaning 
rake. The disadvantage is purely a mechanical one, but nevertheless 
of the type that gives the operator the most trouble. Where this condi- 
tion exists, the design of a suitable baffle arrangement is suggested, 
with the aim of directing the flow along a desired course and causing it 
to reach the rack with reasonable distribution of the load it is carrying. 

The bar rack, of course, performs the actual screening operation, 
and the bar spacing is of prime importance. Those who have a me- 
chanically cleaned bar screen, or a hand cleaned rack, very probably 
have wished for a different one at one time or another. Those who con- 
template the installation of a screen would do well to pay particular 
attention to the selection of the rack. 

In the ease of mechanically cleaned bar screens, a clear opening of 
1 inch has been generally used and found to be quite satisfactory. 
There is, however, no reason why a smaller opening may not be used 
if deemed necessary due to any unusual conditions. A clear opening of 
%-inch is the narrowest that is practical from a hydraulic standpoint, 
since the efficiency of that type of bar rack is very low. Bar spacing 
should be as large as practical and the thickness of the bar as small as 
practical in order to keep the efficien¢éy as high as possible. For in- 
stance, a rack formed of *-inch bars with %-inch clear opening has an 
efficiency of only 57 per cent. A rack formed of %6-inch bars with a 
clear opening of 1 inch has an efficiency of 77 per cent. Although it is 
important to remove all of the large solids which would be injurious to 
the equipment or to plant operation, it is equally important to select a 
bar spacing which will keep the amount of screenings to be handled to 
a minimum, and permit the debris of smaller size to pass through for 
treatment in the normal plant process. A 1-inch clear opening ade- 
quately meets these requirements. The smaller the opening between 
bars, the greater will be the amount of screenings accumulated, and the 
greater will be the disposal problem. 

Grand Island, Nebraska, for example, originally used a screen hav- 
ing 14-inch clear openings. This rack removed from 6 to 8 cubic feet 
per day of a very offensive, slow-draining material that far exceeded 
the capacity of the incinerator and created a definite nuisance. A new 
rack having clear openings of 1%-inch was installed and the screenings 
volume immediately dropped to some 3 cubic feet per day. The mate- 
rial drained readily and was easily incinerated. No trouble with subse- 
quent units resulted from this change, and the 3 to 5 cubic feet of screen- 
ings which then passed through the rack were handled much more read- 
- ily as sludge than as screenings. 

The disposal problem is not great for those who have screenings 
evinders, but if that arrangement does not exist, the screenings must 
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be either buried or incinerated, and either method will require a great 
deal of manual labor. : 

A survey of sewage screen installations indicates that 42 per cent of 
all installations checked were using a rack having 1-inch openings. 
With a 1-inch opening between bars, an accumulation of about 3 to 5 
cubie feet of screenings per million gallons can be expected. If the 
opening is narrowed down to approximately %-inch the quantity accu- 
mulated jumps immediately to about 11 cubic feet per million gallons. 
If this reduction of clear opening is carried still further down to %%.- 
inch, which is in the range of the fine screen, the accumulation increases 
to 20 eubie feet per million gallons. 

Those who are operating large plants in all probability have some 
sort of protection for mechanically cleaned screens. If not, it is reeom- 
mended that such protection be provided, for it will greatly lessen the 
possibility of damage to the screen. The protection is in the form of 
a coarse bar rack having openings of from 2 to 4 inches. The amount 
of debris accumulated on such a rack is not great, but it does serve to 
keep such materials as brickbats, large heavy sticks, and baling wire 
off the mechanically cleaned screen rack and to save wear and tear, or 
possible breakdown of the unit. A coarse rack with 2-inch openings 
will not accumulate more than 14 cubic foot of debris per million gallons 
of sewage screened, and the cost of the manual labor incurred by its use 
more than pays for the benefit received. The Milwaukee bar screen is 
well protected with a coarse rack. In its early stages of operation, the 
Akron, Ohio, screen was not protected with a rack and the operator 
soon found the necessity for providing such protection. This screen 
handles a combined flow that reaches a maximum of 130 million gallons 
per day. During storm flows the screen has been hopelessly jammed 
by such unusual objects brought to it as a fence post, an automobile 
seat, and a police dog of tremendous size. At such times it was neces- 
sary to shut down the sereen and remove the material from the rack 
by hand. 

The angle of inclination is another design factor which should be 
considered by those who may be contemplating the installation of a 
screen. Many years of experience have taught that the most desirable 
angle for a mechanically cleaned screen is 60° with the horizontal. An 
angle of inclination of 75° is not too bad, but as soon as anything steeper 
than this is used, operating difficulties may be anticipated. 

The inclination of a hand cleaned bar rack should not exceed 45°. 
By keeping the angle at 45° or less, a greater rack area will be exposed 
to the flow and less frequent cleaning will be required. Further, the 
action of the flow itself will tend to push the accumulated debris up the 
bars rather than through them. 

In most cases, much of the foregoing will have been considered by 
the consulting engineer, the manufacturer, or both. It is up to the 
operator, however, to take the installation as it is and to make the most 
of it through judicious operation. Many operators do not give suffi- 
cient consideration to the cleaning cycle and to the effect of proper 
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cleaning on both the treatment plant itself and what may lay ahead of 
the treatment plant. For those who have racks requiring manual clean- 
ing, it is particularly important that a definite routine be established. 
Bar screens which are manually cleaned are often spasmodically 
cleaned inasmuch as:the operator is not in constant attendance at the 
sereen and usually cleans it only two or three times a day, whenever he 
has the opportunity. Because the cleaning of the bars by hand is not 
a very desirable job, it is often neglected and the operation of the plant 
is thereby materially affected. If the bars are allowed to remain un- 
cleaned for a considerable length of time, the sewage is likely to back 
up in the sewers and cause the deposition of grit which may give 
serious trouble. Then, when the screen finally is cleaned, there is a 
noticeable surge through the plant, and this spasmodic surge through 
the various units of the plant is very likely to disturb their normal, 
smooth operation. If the sewage enters the plant from a force main 
the situation is not as bad, for under such a condition it would not be 
possible to back the sewage up in the sewers by reason of inadequate 
attention to cleaning. Unless there is sufficient freeboard available, 
however, there is danger that an overflow of the screen chamber may 
occur, causing considerable unsightliness and possible damage. 

In contrast with the operation of manually cleaned screens, the me- 
chanically cleaned bar screen can be regulated by automatic control to 
give accurate, periodic cleaning and prevent any of the troubles that 
would be caused by manually cleaned screens. -After lengthy experi- 
mentation with various types of controls, the time clock control has been 
adopted as being the most economical and the most practical. Dual 
clocks are furnished, one to provide operation of the screen every 10 or 
15 minutes during the day and the other every 30 or 45 minutes during 
the night when the flows are lower. In combination with the clocks, an 
emergency float switch is furnished so that if the sewage should rise to 
a predetermined maximum level, by reason of a flash storm or some 
other unusual occurrence, the float would rise and start the screen in 
operation regardless of the position of the time clocks in their operating 
eyele. After a few days of operation of the mechanically cleaned 
sereen, it is possible to establish a cleaning cycle which will keep the 
sereen clean at all times, using a minimum of power. It should, of 
course, be borne in mind that the season of the year greatly influences 
the sewage flow, particularly if a combined sewage is being handled. 
In other words, the time clock setting decided upon by the cut and try 
method during some months of the year will not at all be correct for 
other months. 

Those who have duplicate units are indeed fortunate, even though 
the second unit is nothing more than a hand cleaned rack. Where such 
a condition exists, it is very important to have knowledge of the limiting 
capacities and to know when to place the second unit in operation. By 
knowing the basis of design the operator can always adapt his equip- 
ment to optimum conditions and get the best out of it. Determine when 
to throw the second unit into operation and, even more important, know 
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when to take one of the units out of operation so as to avoid unnecessary 
wear of chains, sprockets, and other moving’ parts. 

Sereenings disposal is a subject in itself, but is certainly worthy of 
mention here. Those who do not have grinding equipment must resort 
to either burial or incineration. . Either method requires extensive han- 
dling and hauling of the screenings, both of which are very distasteful 
operations. Labor expense is also a factor of no little importance. 
There are now two types of screenings grinders on the market, the 
hammermill and the Triturator. <A third unit should also be men- 
tioned, and that is the Comminutor. That unit, however, is designed 
for operation while submerged in the flow of sewage and is theoretically 
a combined screen and grinder. The first two are strictly screenings 
erinders which may be combined with existing equipment or used 
equally suecessfully with a hand cleaned rack. No matter which of the 
three may be in use, it is important to check the teeth regularly and keep 
them sharp. Cutting efficiency falls off rapidly as the teeth become 
dull, with the result that the material may not be ground fine enough to 
prevent clogging of pump valves, impellers, filter nozzles, ete. Always 
have a spare set of teeth on hand and make the change whenever the 
teeth show the first sign of dullness. The teeth that accomplish the 
reduction of the solids by actual cutting are of exceptionally high qual- 
itv material, and it will be found much more economical to have them 
sharpened often than to use them to the point where they become so 
blunt that they must be thrown away. 

Cleanliness is a subject which has been emphasized so much that 
there is little need to dwell upon it here. The handling and disposal 
of sereenings is one of the most unpleasant tasks incidental to plant 
operation and unless great care is exercised, unsightliness of both equip- 
ment and room will arise. The clean and bright looking screen room is 
the exception. The screen room is not usually given the extra effort 
necessary to impart an air of neatness to the place and this is lament- 
able, particularly when it would take so little time each day. Get in 
the habit of flushing down the floor and the equipment daily, particu- 
larly the rakes, dead plate, and other portions of the screen in direct 
contact with the screenings. Most of the manufacturers have done 
what they can to help this matter of cleanliness along by designing full 
housings for the screen, which hide all screenings from view. 

The screen room is generally the point at which the sewage is first 
released from the sewers. It is here that any gases are released to the 
atmosphere, including the corrosive hydrogen sulphide. Make certain 
that the room is well ventilated, and that painting is done regularly, 
using paints which are suited to the environment. 

One of the chief contributors to a messy screen room is the poorly 
designed screenings can. Very often the screenings.can is anything 
that may -be available around the plant. There is no drainage, no 
means of handling, and no thought given to size or weight. Design a 
container that meets the needs of the screen installation. 
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Grit CHAMBERS 


A grit chamber is a tank or chamber so designed hydraulically that 
heavy, inorganic solids settle to the bottom and light, organic solids do 
not settle, but flow on through. This might be an acceptable definition 
of an ideal grit chamber. Unfortunately, it is impossible or impractical 
to construct this ideal grit chamber, so established practice is to com- 
promise between the ideal and the practical in grit chamber design. It 
is customary to design the grit chamber to work within reasonable 
variations of range in flow and velocities so that all objectionable erit 
is removed from the flow and the amount of organic material removed 
with the grit kept to a minimum. Certain organic materials have set- 
tling characteristics similar to grit, and fine grit has settling character- 
istics similar to organic materials, with the result that a sharp separa- 
tion of organic and inorganic solids is not possible. 

It is evident from the foregoing that the hydraulic efficiency of a grit 
chamber is of prime importance. It is, therefore, worth while to dis- 
cuss those factors which affect its hydraulic design. 

Most modern grit chambers have a velocity controlling device, and 
it is important that the operator be familiar with them and their design. 
Those who are at present operating grit-chambers without means of 
velocity control should give thought to such devices for improvement of 
existing facilities. 

What part does the grit chamber play in the sewage treatment 
plant? A grit chamber is used for two reasons, to protect the equip- 
ment which follows and to improve plant operation. Grit is particu- 
larly abrasive and unless it is removed from the flow, subsequent plant 
units will deteriorate much more rapidly. The presence of grit in sew- 
age will soon be reflected by the rapid wearing out of pump valves, im- 
pellers, and other parts, the wearing out of the shoes on the conveyor 
flights, and faulty digester operation. 

Those who have old plants, and who are not handling a combined 
flow, probably have no grit chambers. Most of these operators have 
probably wished for a grit chamber and are looking forward to the time 
when such a unit can be installed. Present day practice is to include 
a grit chamber in the plant design, whether or not the flow is to be com- 
bined sewage. Grit is certain to be present in sewage, the amount of it 
depending upon the type of sewage system, the condition of the system, 
type of soil, the types of street surfacing, the efficiency and methods 
employed in cleaning the streets, and the violence of storms. For a 
plant treating a normal domestic sewage, the above factors can be nar- 
rowed down to the condition of the sewer system, and the type of soil. 
Infiltration is always a source of grit, as are the wastes from many 
commercial houses and industrial concerns. 

As has been indicated, a grit chamber is essentially a hydraulic de- 
vice that must be very carefully controlled. The settling out of the 
grit in the chamber is dependent entirely upon reducing the velocity to 
a value such that the grit will settle out, while the organics will remain 
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in suspension. Past experience indicates that velocities must be main- 
tained between 0.75 and 1.25 feet per second. Velocities higher. than 
1.25 feet per second will cause grit to carry on through the channel. 
Velocities lower than 0.75 feet per second will permit the settling out 
of too much organic material. Were it not for the fact that a consid- 
erable variation in flow is bound to be experienced during the course 
of the day, the design problem would be exceedingly simple. The vari- 
ation in flow does exist, however, and particular precautions must be 
taken to provide a unit or units that will operate as efficiently as pos- 
sible over the entire range in flow. 

There is a very definite relationship between the effective water 
depth in a grit chamber, the length of the chamber, and the velocity of 
the sewage. No longer is a grit chamber designed on the theory that a 
one-minute detention period is desirable, and the length therefore made 
60 feet because the velocity is 1 foot per second. All of the mentioned 
factors are now taken into consideration, and they are mentioned here 
with the thought that they might help the operator to investigate grit 
removal facilities in case they are known to be inefficient. 

In the first place, it is necessary to decide just how fine a grit particle 
is to be removed. Most grit chamber designs are based on the removal 
of all grit to 50 to 60 mesh, or particles not less than 0.25 millimeter in 
diameter. Experience has been that grit finer than this does no par- 
ticular harm when it is permitted to go on into the treatment plant 
proper. The finer the particle to be removed, the larger will be the grit 
chamber, and the greater will be the investment. All grit particles 
have a definite subsiding velocity and it is on the basis of this velocity, 
and the predetermined required sewage depth, that the length of a grit 
chamber is based. 

A grit chamber is thus theoretically designed to remove certain size 
particles of grit for a certain sewage depth and velocity. While it is 
not possible to maintain a constant flow, a velocity reasonably close to 
the desired value of 1 foot per second can be maintained. Even doing 
that will give no assurance that only grit will settle out and that or- 
eanies will carry through the chamber. As the sewage flow drops 
below normal, it is obvious that the sewage depth will decrease. As the 
sewage depth decreases, the grit channel then becomes actually too long 
and considerable material will settle out that would otherwise reach the 
end of the grit chamber before it was ready to settle to the bottom. 
Such material will consist almost entirely of lighter organics as well as 
finer grit particles of the same settling characteristics. 

It has been pointed out that the velocity can be controlled near the 
desired limit of 1 foot per second. There are three such controlling 
devices in general use: (1) the proportional weir, (2) the Parshall 
flume, and (3) the Camp regulator. Where grit chamber operation is 
known to be inefficient, it may be possible to control the velocity through 
the use of one of these devices after the previously suggested investiga- 
tion of hydraulic characteristics has been made. In other words, the 
operator should first determine the actual range in flows, the maximum 
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effective water depth in the channel, the length of the grit chamber, ete. 
It may then be found entirely possible to improve operation through the 
use of a velocity controlling device. 

A proportional weir is actually a combination weir and orifice, de- 
signed to keep the discharge proportional to the head. This is accom- 
plished by constructing the weir with curved sides. Many authorities 
have advanced formulae for computing the rate of flow through a pro- 
portional weir, all derived by calculus and all giving essentially the 
same answer. The design and placing of the weir is usually supervised 

by the consulting engineer of the municipality. 

The Parshall flume is another device which might be used for the 
control of grit chamber velocity within moderate limits and with a mod- 
erate range in flow. This device also affords a very simple means of 
measuring the flow with an accuracy comparable to any of the standard 
forms of weirs. Although it takes up very much more room than does 
the proportional weir, it has the advantage that it will withstand a high 
degree of submergence without affecting the rate of free-flow discharge. 

This means that there is not as much head loss required when using 
the Parshall flume as when using the proportional weir. The propor- 
tional weir must have free discharge, that is, no submergence, at all 
times, which means that the total head loss to be provided must be equal 
to the effective water depth of the grit chamber. In actual practice, 
free-flow is provided between the minimum and maximum ranges, and 
there is not much concern about lack of submergence at flows below the 
average minimum when hydraulic conditions are usually upset. It 
should be remembered that this type of control section cannot maintain 
a uniform velocity over a wide range in flow. For instance, with a 
range in flow of 5:1, the minimum velocity will be approximately 60 
per cent of the maximum. 

The third device is the Camp regulator, a patented controller offered 
by one of the manufacturers in this field. Its use is based on the con- 
struction of a channel cross section approximating as closely as pos- 
sible a true parabolic shape as determined by formulae derived by Mr. 
Thomas Camp. The principle is hydraulically sound and excellent re- 
sults should be obtained with proper use. However, it is not a device 
that can be adapted to all existing chambers. 

Multiple channels also enter this picture, for they, too, can be used 
to control velocity. Almost all plants, except the very small ones, in 
which combined flows are treated, are designed with duplicate channels, 
or even a greater number. A much greater range can then be success- 
fully handled, for additional chambers can be cut in as the load in- 
creases, and cut out as the flow subsides. The operator must, of course, 
know the capacity of the grit chambers, be familiar with their hydraulic 
characteristics, and know when to put them in and take them out of 
service. 

Another important factor in the successful operation of a grit cham- 
ber is the method by which the sewage,is brought in. A straight sweep 
into the grit chamber is a prerequisite to good operation. If the sew- 
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age is brought into the chamber around a bend, the sewage will pile up 
along one wall and short-circuiting is sure to result. In addition to 
that, there will be a zone of quiescence along the opposite wall for a 
large percentage of the length, and considerable organics will settle out 
over the area. In the case of a curved approach channel, a simple di- 
viding baffle wall will cause a marked improvement in tank performance. 

Even if the sewage is brought into the channel in the proper manner, 
and distributed equally across the entire width, operating difficulties are 
almost certain to be encountered during peak flows where there is the 
type of equipment that collects the grit and then elevates it up and out 
of the sewage to the point of discharge. The troubie generally arises 
from the fact that the sewage actually dips into the buckets as they 
break the surface, washing the grit out and back into the channel. This 
can be effectively combatted by the use of suitably designed inlet baffles. 
A typical method of control involves the use of an equilateral baffle in- 
stalled with one side parallel to the upcoming bucket. Its length should 
be about % of the bucket length. The grit thus actually leaves the sew- 
age at a quiescent zone. The baffle diverts the sewage around the ends 
of the bucket at higher velocity. Although there is still some washing 
out at the very ends of the buckets, the amount lost is not appreciable, 
and is picked up by subsequent buckets. 

The need for establishing a satisfactory cleaning cycle is just as im- 
portant in connection with the grit chamber as it was with the bar 
screen. Operation is almost always done manually, for this is not a 
piece of equipment that can be run by float control or by time clocks be- 
cause conditions change so much from day to day. It takes intelligent 
operation to produce a grit that is satisfactory for disposal on the plant 
erounds and about the only way to determine a satisfactory routine is 
by the cut and try method. Grit equipment should be operated regu- 
larly, and just as infrequently as possible so as to obtain the desired 
results. Bear in mind that grit is very abrasive, and that grit handling 
equipment has probably the shortest life of any piece of equipment in 
the plant. The best grit collectors on the market are built so that those 
parts which do wear out rapidly are readily renewable at low cost, but 
even so there is no point in wearing them out sooner than is necessary. 
It will pay to keep a close watch on all parts that are renewable and 
replace them as soon as they have outlived their usefulness and before 
any of the non-renewable parts begin to take the wear intended for the 
renewable parts. In many cases such renewable parts, particularly if 
they are wearing shoes, are reversible. It will be found that the grit 
chamber can be operated intermittently during normal flow conditions, 
but that they should be operated continuously during storm flows if the 
sewers are combined. It is essential to be familiar enough with the 
characteristics of the grit chambers to know when to begin continuous 
operation of the equipment, and to anticipate operating difficulties. 
Grit chamber equipment should always be placed in continuous opera- 
tion in plants handling combined flows whenever a rain commences. 
One of the plants at Atlanta, Ga., is so sensitive to climatic conditions 
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that the equipment is now placed in continuous operation if the sky just 
begins to cloud over, to say nothing of any actual rain coming down. 
The operators there have gotten into such difficulties by reason of not 
starting the equipment soon enough that they just cannot afford to take 
any chances. 

It is very difficult to obtain good performance with manually cleaned 
channels. They must be taken out of service for cleaning, which means 
that the units remaining in service may be overloaded. The grit piles 
up unevenly in the channel with resultant short-cireuiting and poor hy- 
draulic conditions. Organics settle out during low flows and there is 
no way of separating them from the grit, once they have settled. About 
all that can be done is to clean them often enough so that the flowing 
through area is not reduced enough to speed up velocities and cause the 
carry over of grit. Controlling devices can, of course, be installed at 
these chambers the-same as at mechanically cleaned chambers, and some 
benefit is certain to result. 

Hand cleaned grit chambers are of simple design and lend them- 
selves well to the installation of modern, mechanical grit removal equip- 
ment. There is a wide selection of makes and types to choose from, and 
budget money could not be put to better use. Any manufacturer will 
be more than w illing to help study _ problem and make a sound 
recommendation. 

On the subject of grit washing, there is not much to say, at least from 
the operational standpoint. Grit washing, and by that is meant wash- 
ing by a separate piece of equipment, has never been very popular. It 
is the writer’s opinion that there is no basic need for such a procedure 
except in rare cases. It appears that engineers are specifying grit 
washing equipment less and less and that the trend is toward the use 
of a design which permits the cleaning of grit within the grit chamber 
itself. 

Even among engineers, there is wide disagreement as to what the 
quality of a washed grit should be. Some engineers have considered a 
putrescibility of five per cent to be acceptable, whereas others have in- 
sisted that anything over one per cent would be unsatisfactory. The 
putrescibility determination on grit itself has little rhyme or reason to 
it and there has been no effort on the part of anyone over the past four 
or five years to do anything with the test which would increase its value. 
Under the conditions of the test, a washed grit containing a large 
amount of coffee grounds, fruit pits, and grain would almost certainly 
have a putrescible matter value of less than one per cent. If that par- 
ticular grit were allowed to decompose in a damp place, however, where 
it would not dry out readily, there is little doubt but that it would be 
very obnoxious and probably cause just as much complaint as would a 
erit of four or five per cent putrescibility. 

It is the writer’s op*ion that just as much can be accomplished by 
designing a grit chamber as hydraulically efficient as possible, and ac- 
cepting the product from the grit chamber as a material which is not 
beach sand and which must be disposed of by burning, burying, or 
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* spreading on the land where it can dry out without causing offense, as i 
ot by using a haphazard design with a separate washer. Experience | 
ke has indicated that a grit washer can be successfully eliminated ninety 

per cent of the time by using a channel designed correctly and by prop- 


ed erly controlling the velocity. 
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les SEDIMENTATION TANKS 

L Any discussion of the operation of sedimentation units must, of 

- necessity, include both primary and secondary tanks since the proper 

eid operation and control of both types of basins is so similar, with the ex- 

* ception of the seum removal problem. These remarks are limited en- 

” tirely to modern, mechanized tanks. 

as The purpose of sedimentation is to remove as much as possible af 
the solid material carried by the sewage, especially that which will float 

ma or will settle to the tank bottom. In the case of primary tanks, this 

p- removal of suspended and settleable solids is done for the purpose of 

adi providing preliminary clarification preceding chemical or oxidation 

ill processes, or it may be for the purpose of providing partial clarification 

nd preceding disposal without further treatment. Secondary tanks have 
the duplicate function of completing the removal, insofar as possible, of ‘ 

m the suspended solids, and of serving as a functional part of the sec- 

h- ondary treatment process. 

It While removal of the floating materials, or scum, is essentially a 

re function of the primary tank, it must also be considered in connection 

rit with certain secondary tanks, such as those which receive the flow di- 

se rectly from high rate filters. Filters of this nature will, at times, pro- 

er duce a foam and also slough Psychoda larvae which will float on the 
surface of the final tank and which must be skimmed off if the final tank 

he is to have good appearance and if the plant effluent is to be the best 

a obtainable. 

ne There are several important design factors which influence sedimen- 

he tation tank performance. These factors include the volumetric ¢a- 

to pacity or detention period, the settling rate, velocity, the method of 

ur inlet distribution, the arrangement of effluent take-off, and the sludge 

le, removal facilities. These factors are usually given careful considera- 

ore tion by the engineers who design the plant, and the operator need give 

ly no further thought to them. Where such consideration was not given, ] 

I'- there is likely to be a settling tank that is inefficient, and it is up to the 

re operator to make the modifications necessary to bring the tank into bal- 

be ance. With some of the items enumerated there is considerable lati- 

a tude, whereas with others there is nothing to be done except to make the | 
best of them. 

by The first item mentioned was the volumetric capacity, or detention 

C- period. For best efficiency, the detention period of a settling tank 

ot &§ should be maintained within a definite range. If the detention period 

or is too low, insufficient removals will be obtained, resulting in a load 
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increase on either the subsequent oxidation process or the receiving 
water; if too high, septicity may develop within the tank. 

As a general rule, a detention period of more than two hours is not 
justified. The slight additional removals obtained for periods longer 
than two hours do not warrant the expense incurred in the construction 
and operation of the oversize tank. 

Various state authorities and manufacturers have different ideas 
as to the minimum allowable detention periods for any particular appli- 
eation. Reasonable minimum detention periods for various applica- 
tions would be: 


SETI MEU IRE UE SINNINNN ooh are Dy 5g So bic eesy 2, Sus s, bis Fl SIGIE N/E a 7b ah 2 hours 
Primary tank to be followed by trickling filter....................... 2 hours 
Primary tank to be followed by activated sludge..................... 1.5 hours 
Pines tank souowme Wicking filter... ba ce ees wees 1.5 hours 
Final tank following activated sludge... ........5 0.6 cece ee ec eeeee 2 to 2.5 hours 


Obviously, the detention period of a tank is a fixed value and cannot 
be altered by the plant operator. He should, however, know the limi- 
tations of the settling tanks and their influence on the overall perform- 
ance of the plant. If the plant is blessed with multiple units the op- 
erator may be able to maintain proper settling conditions by cutting 
tanks in and out of service as needed. In this respect it is suggested 
that if a tank is taken out of service for any length of time, it should be 
kept filled with clean water or else all equipment should be liberally 
coated with oil or other protective coating to prevent rusting. 

The settling rate goes hand in hand with the detention period and, 
therefore, there is no more control over it than over the detention pe- 
riod. It is expressed as gallons per square foot per day, and is com- 
puted by dividing the flow by the tank area. Where there is a plurality 
of tanks, and they can be cut in or out as the seasonal load may de- 
mand, the settling rate will vary accordingly. Just what constitutes 
the proper settling rate for the different types of settling tanks still 
seems to be a debatable subject, and several rates have been advocated 
by various authorities. In general, however, a primary tank settling 
‘ate of 1,000 gal. per sq. ft. per day, no matter what the type of treat- 
ment, is acceptable. In the case of secondary tanks, those used in acti- 
vated sludge plants are designed to have rates of from 800 to 1,000, 
those following conventional trickling filters are designed to have rates 
from 600 to 1000, and those following high rate filters are designed to 
have rates of from 600 to 1,200 gal. per. sq. ft. per day. 

The horizontal velocity of sewage in a sedimentation basin generally 
does not come in for much consideration, at least during the design 
stage. A detention period commensurate with good design practice is 
usually selected and a length-width ration chosen which will result in an 
economical structure. Where a certain settling rate is desired, it is 
used and the corresponding depth computed which will give the re- 
quired volume and detention. Present day practice is to limit the for- 
ward velocity to something less than 2 feet per minute. In some cases 
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the reverse is true, and considerable emphasis is put on the velocity. 
This was true of the design approach to the Minneapolis-St. Paul sew- 
age treatment plant. After much experimentation on the part of the 
designing engineers, it was decided that 2.4 feet per minute was the 
critical velocity on which the design of the tanks was to be based. 
Cross sectional area was provided to give this velocity, and the tanks 
were then made of sufficient length to give the required detention pe- 
riod. The velocity in a sedimentation basin will vary, obviously, with 
a change in flow, and it may also vary because of improper baffling or 
because of wind effect. In the latter case, however, the induced move- 
ment is essentially a surface velocity and is of little importance with 
respect to overall tank performance. A 20 mile-an-hour wind will, for 
instance, produce a surface velocity of 1 foot per second, providing the 
tank is of good size and well exposed to the sweep of the wind, but this 
surface velocity extends very little distance down into the tank. 
Probably the most important design factor influencing tank per- 
formance is the need for proper distribution of the flow across the tank 
width, and right along with that is the problem of proper distribution 
of flow to a plurality of tanks. This is where the operator comes into 
the picture very prominently, and where he can begin to exercise in- 
venuity. Only the operator has the opportunity to observe and study 
the tanks under all operating conditions and to determine the nature of 
the changes necessary to improve performance. Distribution can be 
improved by the use of properly designed feed channels, as well as by 
the use of inlet baffles. It has been estimated by many authorities that 
eood baffling will increase tank efficiency by as much as 25 per cent. 
Kivery operator should be familiar with the work done by Supt. Wal- 
ter Sperry on the feed channels at the Aurora, IIl., plant. He deter- 
mined through exhaustive tests that his four 50-foot square settling 
tanks as constructed were removing an average of only 40 per cent of 
the suspended solids. What was particularly disturbing was the fact 
that the removals varied from this average as much as plus 33 to minus 
27 per cent. A very careful check by surveyor’s level on the influent 
and effluent weirs showed that they were very much out of line, and that 
the flow distribution across the tanks, as measured by current meter 
tests, varied from 17 to 33 per cent, the theoretical being 25 per cent. 
After much hard work, involving dye studies to determine short- 
circuiting, laboratory analyses, and many trial installations, a suitable 
system of influent baffling was provided which, together with adjust- 
ment of the weirs, resulted in marked improvements in tank perform- 
ance. The average removal of suspended solids increased to 60.3 per 
cent and the variation from the average was only from plus 5.8 to minus 
3.8 per cent. Further, flow distribution was improved to the point 
where all tanks were receiving within 5 per cent of one another. The 
range, instead of being from 17 to 33 per cent, was then from 22.5 to 
27.5 per cent. The value of the effort and time Mr. Sperry put on this 
problem is doubly apparent when it is considered that during certain 
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seasons of the year he got along nicely with just two of the four clari- 
fiers in operation. 

Another example of what can be done to improve tank performance 
by experimenting with baffles or altering the existing feed channels is 
the accomplishment at the Buffalo, N. Y., plant. There, the percentage 
of suspended solids removed was increased appreciably by reducing 
the depth of the inlet baffles from 8 feet to 2 feet and perforating them 
with equilateral triangular openings measuring 12 inches on a side, 
spaced on 24-inch centers. Although removals in the Buffalo primary 
tanks still average but 36 per cent, it should be remembered that the 
sewage is relatively weak, averaging approximately 187 p.p.m. sus- 
pended solids. 

A well designed settling tank handling a fresh sewage, and having 
an adequate detention period of say two hours, should remove about 45 
per cent of the suspended solids from a weak sewage of less than 100 
p.p.m. and not less than 60 per cent from a domestic sewage containing 
approximately 300 p.p.m. of suspended matter. If performance data 
are far removed from this range, an investigation into the tank hy- 
draulics would be well worth while. Check the tank thoroughly for 
short-circuiting, using either a dye such as fluorescein, a salt solution, 
or possibly floats. Using some such scheme as this, or a better one of 
your own devising, it will be possible to check the-actual detention pe- 
riod. The actual detention period divided by the theoretical detention 
is generally accepted as the efficiency rating of a settling tank. This 
rating should certainly be higher than 50 per cent if the tank is to give 
satisfactory results. If short-circuiting is found to be present, a need 
is indicated for study and experimentation with different types of inlet 
baffles placed in different locations, or possibly a different type of inlet 
itself. Perhaps the sewage is fed into the tank squarely against a wood 
partition wall which spans the tank. It may be found that this baffle 
should be raised, or lowered, or perforated, or louvered. Perhaps the 
sewage is brought into the tank at too high an elevation and should be 
made to enter at a lower point. 

In addition to working out a system of baffling, the operator may 
also find that he can do much to improve the feed channel itself. If the 
sewage enters the tank through a series of ports, it may be found that 
these ports should either be increased in number.or enlarged. If the 
sewage enters the tank through the ports in a horizontal direction, it 
might be necessary to alter the structure so that the sewage will enter 
the tank through ports located in the bottom of the channel. If the 
tanks have an old style feed channel which is of constant width from one 
end to the other, undesirable flow characteristics may be corrected by 
filling in the feed channel, to form a tapering channel, thus maintaining 
a constant velocity and equal proportioning of the flow to all the ports. 

Tank performance will be greatly influenced by the arrangement of 
the take-off weirs. The greater the weir length, the lower will be the 
rate of take-off and the lower will be the upward velocities over the 
take-off area. Low upward velocities at the effluent end of the tank are 
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highly desirable since there is then less tendency for the small, flocculent 
solids of the pinpoint variety to be carried up and over the effluent weir. 
In primary tank construction, the practice formerly was to provide a 
single effluent weir across the end of the tanks. Engineers today are 
recognizing the great benefits to be received from the use of special weir 
patterns, and primary tank take-off weirs are being designed siniilar to 
those heretofore designed only for secondary tanks. Weirs constructed 
in an H pattern and a U pattern are now in general use, as well as com- 
binations of both. It is now common to extend portions of the weir 
along the sidewalls up to % the length of the tank itself. When the 
settling tanks for the Minneapolis-St. Paul sewage treatment plant 
were designed, the required length was found to be 290 feet. They 
were actually constructed that long and, incidentally, are still the long- 
est settling tanks on record. Since the overflow rate in a rectangular 
tank equals the setting rate (surface loading) times the area served per 
unit length of weir, it was immediately evident that special consideration 
would have to be given to the effluent weir design in order to keep the 
overflow rate within the generally accepted limits of 50,000 to 200,000 
gallons per day per foot of weir. At the Twin Cities plant, effluent 
weirs span the tanks at distances of approximately 190, 230, 260, and 
290 feet from the influent end. This weir arrangement provides an 
overflow rate of about 47,000 gallons per day per foot of weir and un- 
doubtedly contributes immensely to the very fine job these tanks are 
doing. As a portion of the sewage is withdrawn over each successive 
weir, the forward velocity decreases and this condition aids in the set- 
tlinge of the very fine materials. Operating performance has improved 
year after year at the Twin Cities plant, and removals of suspended 
solids are now averaging about 76 per cent. 

The advice and assistance of a consulting engineer is necessary if 
operation observations indicate a need for modification of the outlet 
weir system, since the work would constitute a project of some magni- 
tude. Where the construction of new tanks as a part of a plant enlarge- 
ment program is contemplated, it is well to make certain that the weir 
design and arrangement receives very careful consideration. 

It goes without saying that proper sludge removal facilities are 
necessary to insure good tank performance. There is much more, how- 
ever, to the subject of sludge removal than merely having good sludge 
removal facilities. Too often the operator pays too little attention to 
this item with the result that performance suffers to an alarming extent. 
It is necessary to remove the sludge while it is still fresh and do so as 
often as necessary to prevent septic action in the settling tank. This is 
advisable as an aid to sludge digestion and to more efficient removal of 
suspended solids. Septic sludge will evolve gas, and the resulting bub- 
bles as they rise to the surface will disturb the settled material and 
carry it to the surface, thus interfering with sedimentation of incoming 
sewage. Further, sludge discharged into a digester should be as fresh 
as possible in order that the digestion may start under favorable and 
proper conditions. In the case of final tanks following the activated 
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sludge process, it is even more important to get the sludge out fast 
before it has a chance to deteriorate. 

The length of time the equipment operates in settling tanks is tied 
in very definitely with the length of time the sludge pump should oper- 
ate.” Except in rare cases, it is generally quite unnecessary to operate 
continuously conveyor type sludge removers in rectangular tanks. On 
the other hand, it is common to operate mechanisms in round tanks con- 
tinuously since the sludge must be moved a greater distance before it 
finally reaches the center of the tank, and because there is not the sludge 
storage capacity provided with this type of tank that there is with the 
rectangular tank. The sludge removal mechanism should be operated 
at least long enough to make sure that any one scraper has traveled the 
entire length of the tank bottom. Experience may dictate that best 
operation can be obtained by having the equipment make one complete 
revolution. Most primary tank sludge removers of the conveyor type 
operate at 2 feet per minute, and on this basis it is a simple matter to 
determine the number of minutes required for a complete turnover, or 
a sweep of the bottom by any one scraper. If the tank is 80 feet long, 
for instance, the conveyor should run for at least 40 minutes. 

It is good practice to have the equipment in operation at least 15 
minutes before the pumping operation is started. Sludge pumping 
should then be continued during the time the conveyor is in operation 
until such time as the sludge begins to run thin. All sludge pumps 
have, or should have, sampling valves on them so that the nature of the 
sludge being pumped can be checked. By studying the tank, and vary- 
ing the routine, it will usually be possible to withdraw a sludge having 
at least 5 per cent solids, and probably higher. Mention has been made 
of the good removals in suspended solids being obtained at the Twin 
Cities plant, and this is also reflected in the sludge consistency which 
is regularly attained there. Sludge is pumped once each shift, or three 
times a day, at this plant and determined efforts to secure a concentrated 
sludge have resulted in an average sludge consistency of almost 9 per 
cent. This is an average figure and it is to be noted that this percent- 
age has been increasing, even though slightly, over the past four or five 
years. It is a definite indication of what can be accomplished by dili- 
gent operation and study of settling tank characteristics. Sludge sam- 
ples are taken from the sampling valve at the pump every fifteen min- 
utes and a known volume weighed. This is an operation that takes the 
operator less than two minutes, yet it serves as an accurate control test. 
The operator knows what the constant sludge volume selected should 
weigh if it contains 7 per cent solids and sludge pumping is continued 
until the weight of a sample indicates that the sludge is running less 
than 7 per cent. As soon as this consistency is reached, the sludge 
pumps are shut down and no further sludge is withdrawn until the next 
shift. There are no fixed rules which can set down for the operation 
of sludge removal mechanisms, or the operation of sludge pumps. 

In addition to the time required for operation of the sludge removal 
mechanism and the time required for sludge pump operation, attention 
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should also be directed to the pumping rate. Most sludge pumps, par- 
ticularly if they are of the plunger type, can be adjusted to provide at 
least three different pumping capacities. It is very desirable to pump 
at the low rate, even though the pump must then be run for a longer 
time. A high pumping rate will not give as dense a sludge as will a 
low rate, and is very likely to cause the formation of channels or cones 
in the sludge blanket, whereby the clarifier liquid is withdrawn from 
the tank before all the sludge is removed. 

If the sludge blanket is broken and the sewage breaks through it, the 
quantity of liquid in the digester will increase and there will be a conse- 
quent increase in the return sludge liquor to the clarifier. The result 
will be an overloading of the digester, a cooling of the digester and an 
increased load placed upon the plant by reason of the excessive return 
of supernatant. 

It is also very important that there be adequate scum control. 
Every effort should be made to provide positive removal of scum from 
the tank surface. In former days, there was no effort made to obtain 
full width skimming of the rectangular primary tank surface. A clear- 
ance of several inches between the tank walls and the ends of the flight 
was common, and scum simply flowed around the ends of the flight as 
it moved on its skimming run. Where this condition exists, it is sug- 
vested that wood corbels be installed at the tank surface, bolting them 
directly to the conerete. A clearance of about %-inch is ample to leave 
hetween the ends of the flights and the corbels without danger of the 
scrapers binding. 

The line leading from the scum box is generally tied in with the raw 
sludge line, with proper valves being provided, and scum should be re- 
moved at the time that sludge is withdrawn from the hoppers. 

Automatic, or semi-automatic skimming devices are now in general 
use. Most of the tanks constructed two or three or more years ago 
have the old style concrete trough into which the scum must be moved 
by hand, after it has been concentrated near the lip by the sludge re- 
moval mechanism. With this design, about the only way to get the 
scum into the trough is to pull it in by means of wood paddles or similar 
devices, and to effect complete removal by creating surface waves which 
wash the last particles into the trough. While some water is intro- 
duced to the seum trough by this procedure, it is usually an insufficient 
amount to cause the scum to flow from the trough into the sump along- 
side the tank. The necessary amount of flushing water is generally 
supplied by hose, since the scum trough should be hosed down at least 
once a day. Some concrete scum troughs are fitted with simple flush- 
ing valves which the operator opens whenever he wants to admit settled 
sewage to the trough to flush out the scum. : 

In any event, whether skimming is accomplished manually or by me- 
chanical means, it is necessary to use considerable water in transport- 
ing the seum out of the tanks and trough. After the scum is out of the 
tanks, however, it may be concentrated in a separate chamber. The 
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value of concentration lies in the fact that less water will be pumped to 
the digester and there will thus be less loading and cooling of that unit. 

Scum is easiest handled when relatively fluid. It is in this condition 
when it first rises to the tank surface, and at that time it may be re- 
moved with a minimum of excess water. If allowed to remain too long 
on the surface of the tank, it starts to thicken and solidify and requires 
considerable water to transport it. Frequent skimming is therefore 
advisable. 

A recent contribution to the art of seum handling was the develop- 
ment of the revolving skimming pipe. This skimmer insures complete 
removal of scum with a minimum of effort on the part of the operator. 
It is only necessary to rotate the pipe far enough to induce flow of the 
scum into the pipe, taking just enough water to cause the scum to flow 
through the pipe into the scum box or scum concentration chamber. 
The revolving skimming pipe can be installed equally well in each of 
any number of new or existing tanks located side by side and the sewn 
made to flow one through the other, making it possible to use just a 
single scum box located at one side of the battery of tanks. The pipes 
are so constructed, and the arrangement so made, that independent 
operation of anyone of the pipes is possible. 

It is obvious from the foregoing that the proper operation of a 
modern sewage plant requires something more than mere elbow grease. 
The operator must study the plant and be familiar with its faults and 
good points; he must be able to minimize the faults by making changes 
in the plant and by intelligent operation; he must operate the plant so 
as to take full advantage of the flexibility and other good features that 
have been built into it. The operation budget and present manpower 
limitations may preclude putting the foregoing suggestions into effect 
at once. In fact, it is bound to be a long term program since each 
change in operation or structural design should be based on supporting 
data from plant operation records which indicate the need for such 
changes. 

Be sure that the accumulation of grease and scum on the surface of 
the tank is removed at frequent intervals, at least twice a day and 
oftener when necessary. A thick scum blanket, extending several 
inches below the tank surface, may well release particles to the tank 
effluent. A thick accumulation of scum will also tend to hold material 
at the surface which would otherwise settle. Keep the scum baffle ahead 
of the outlet weir clean, especially that portion which is submerged. 

If sewage is entering the tanks over weirs, some solid matter is 
bound to accumulate in the bottom of the feed channels. These deposits 
should be periodically stirred up, either by means of a hose or broom, 
so that they will mix with the influent and pass on into the tanks before 
they have had a chance to become septic. Where the feed channels 
have port holes in them this difficulty will be avoided, although the port 
holes themselves should be cleaned whenever the start of a build-up of 
sludge or slime is noticed. 

Unless some of the scrapers on the sludge collectors are equipped 
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with squeegees, fine solids and grease will collect on the side walls. In 
warm weather this material will rapidly decompose. These solids can 
be removed with a stiff brush or a homemade squeegee. After they 
have been removed, it is always advisable to wash down the walls thor- 
oughly with a hose. 

The outlet weirs should also be kept just as clean as possible. This 
is one tank appurtenance that should receive daily attention. It is the 
one portion of the tank that always comes in for attention whenever 
visitors are shown around the plant. Dirty weirs with sludge built up 
on them, training long strands of the well-known green slimy material, 
cannot help but make a poor impression on the visitor. In addition to 
being kept clean, weirs should be maintained at a uniform elevation so 
that effluent withdrawal is at the same rate over their entire length. 

At least once a year, and preferably every six or eight months, the 
tank should be dewatered so that the sludge removal mechanism can be 
inspected. This will afford an opportunity to make any necessary ad- 
justments and to determine just what parts seem to be wearing out. 
With the long time deliveries now prevalent because of wartime condi- 
tions, it is more important than ever to keep a close watch on equipment 
and to anticipate repairs at least six months ahead. By placing orders 
at least that far in advance, there can be reasonable certainty that the 
part needed will be on hand by the time the equipment is in serious need 
of repair. Remember that the cost of mechanical equipment was in- 
curred in the first place only because its use would improve tank per- 
formance, and that all of the component parts should be kept in good 
repair and well lubricated. Every operator should have complete in- 
structions from the equipment manufacturer as to lubrication and main- 
tenance and he should follow these instructions to the letter. If the 
instructions or the lubrication chart have been lost, do not hesitate to 
write the manufacturer for another set. 





BARK FROM THE DAILY LOG 


c By Watrter A. SPERRY 


Superintendent, Aurora Sanitary District 


May 1—Remember the story of the borrowed sewer tap and our philosophy 
of borrowing? Willard Pfeifer, our valued assistant (may Allah increase his 
race), returned from a visit to his mother-in-law bringing back the tale of a 
sign he saw in a store window in Leland, III. This sign bore the words, in 
large letters, ‘‘Please Bring Back Our Monkey Wrench!” 


May 3—Another good lost-manhole-cover suggestion. Our Southeast In- 
terceptor runs through a sparsely populated territory with an occasional corn- 
field. Last spring, some one actually broke out a piece of a manhole wall to 
drain a cornfield! This year we found that children had built a platform in 
the bottom of a manhole for a playhouse. The flow is small and mostly 
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ground water. Also several Christmas trees were removed. Six or more 
manhole covers must be found and replaced in this area yearly. 

Our District Engineer, Walter E. Deuchler, reading an account of all this 
in our report at a recent board meeting, whispered the suggestion that we fill 
the crack between the ring and the cover with asphalt. Easy to pry loose 
with the proper tools but hard for the youngsters. 


May 7—It was a lovely Sunday morning but not for a man stopping at the 
Leland Hotel. Found a telephone number on the desk when | came out for 
the usual Sunday chores. !t was from a man who said he had been sick dur- 
ing the night and would we please look for his teeth? He did not realize that 
a set of false teeth could not readily travel through six miles of sewers and 
negotiate two inverted syphons under Fox River on the way. As a sympa- 
thetic courtesy we called to restate more clearly just why we could not pos- 
sibly recover his teeth. For the man it meant a soup diet and a trip from 
Aurora back to Denver, Colo., to replace them. This was only one of many 
such calls that we receive. Seems like the slogan ‘‘Don’t pull the string— 
there is little that soap and water can’t fix,’’ would save a lot of grief. 


May 10—The gas production at a sewage plant is always a seven-day wonder 
to John Citizen. We never did forgive one visitor from Wisconsin who called 
on us one Sunday. Our operator-guide began at the screen house and was 
showing him the incinerator with its gas burner in full blaze. On being told 
that this gas was produced from the sewage, he spat on the floor, pulled his 
hat over his ears, said ‘That is a *!*!*!*! lie!’’—then climbed in his car and 
drove off! 

Today a chicken farmer called to consult us regarding the production of 
gas from the chicken manure produced at his place. He had never seen this 
plant but had heard about the gas and conceived the bright idea that there 
might be considerable salvage value in the 100 pounds or so of manure which 
is produced daily by his 3,500 chickens. We explained our gas production 
system and warned him that the amount of gas he could expect would not 
nearly be worth the cost and labor required to manufacture it by this means. 
This is the third or fourth time, in 15 years, that we have had local inquiries 
about gas production by farm waste. 


May 13—There is always a first time for new and strange phenomena. We 
had liked Fred from the first day he was hired; he had been a farmer and 
knew how to work. He was quiet, efficient and interested (unusual traits 
these days). He enjoyed his job with us and was popular with the other 
men. 

Then came the surprise. He came in this evening to say that “‘he just 
could not take it any more’”’ and resigned his job. It seems that certain odors 
have nauseated him ever since boyhood. No particular odor around the plant 
seems responsible for the trouble but the faint odor coming through the sam- 
pling hole at the wet well was certain to bother him, especially if he passed 
that point on his way outdoors. Because of his husky and healthy appear- 
ance we could hardly believe his story but he claimed to have visited a doctor 
without obtaining relief, before deciding to quit. Too bad for him—and us! 
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From a physiological standpoint, we understand that this trouble may be 
caused by two nerve centers in the back of the throat which may be hyper- 
sensitive to odors. A sagging stomach that retains food too long may cause 
gastric juices to be thrown back to the throat with similar result. This inci- 
dent may well cause some interesting speculations about certain individuals 
and this whole problem of sewage works odors. 


Aw 


May 17—An interesting oil problem was put up to us when a machine forg- 
ing company making steel shells called for help in satisfying a pollution 
complaint. 

We had never seen a forging machine where hot billets are punched and 
squeezed into shape instead of being hammered. The lubricant is a heavy 
black crude oil loaded with graphite, which is carried by the cooling water 
through a series of 3 deep oil traps with the discharge going to a creek. An 
examination of the material, by diluting it with gasoline and centrifuging, 
revealed that it contained about 40 per cent water, 5 per cent graphite and 
the remainder oil. Under the microscope, the water was shown to be oc- 
cluded by the oil as small clear droplets; it was not an emulsion. The oil 
trap effluent carried a considerable amount of heavy black oil drops in sus- 
pension, causing pollution of the creek. 
| After considering a skimming tank, with retaining baffles, we found the 

right solution to be a straw or hay filter as recommended by the American 
Petroleum Institute.* We had thought of excelsior but this became soaked 
and slumps down so that it is not effective. A rectangular box of suitable 
dimensions, with an inlet designed to equalize the flow, is to be built. Four 
cages 6 or 8 inches wide, extending across the box and made with screen wire 
sides, are to be fitted in grooves so that each cage may be removed. These 
are packed with hay or straw repeatedly as required. The flow passes slowly 
through the four cages, the oil being retained by the straw. The device works 
surprisingly well. 


May 25—Hydrogen sulphide to the sewage works operator is personified by 
the little devil with cloven feet, horns and spiked tail of the patent medicine 
advertisements. We all know about the failure of the copper parts of 
switches and wiring. Today we ran across a new one. 

The recording dial of our big 5,000 c.f. per hr. gas meter began to dim 
until it finally became difficult to read even with a flashlight. Eventually, 
the cause became apparent. The enamel of the dial contains lead, and, in 
time, the figures completely ‘‘blacked out’’ due to the action by H.S. After 
long last we got a new dial, which was lacquered well before installation as 
an additional protection. 





June 1—We have always been proud of our caterpillar tractor with the sludge 
saddle bags, that was first dreamed up by W. B. Walraven of the Springfield 
(Illinois) Sanitary District. There are only four of them to date. Repairs 
during the last five years have been very reasonable. The chains have re- 
quired rebushing and new pins but once in that time. 





* €¢Tjisposal of Refinery Wastes. Section 1—Waste Water Containing Oil.’’ American 
Petroleum Institute, 50 East 50th St., New York City (1941). Price $1.00. 
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Then we made the discovery that nearly every chain link had two or more 
cracks in the corners at the ends. Some were just beginning, some were 
long and one was clear through. We were afraid to run it and needed some 
sound advice. The tractor maintenance man came to our rescue, assuring us 
that such damage was corhmon and could be easily repaired. The tractor was 
jacked up so as to rotate the tracks and our local welder gave it a six-months 
or more new lease on life by spot welding all the cracks. Meantime, a brand 
new chain is in storage. The cracks were caused by wear of the sprockets 
and stretch of the chain, which caused the links to pound as they came onto 
the sprocket. 


June 7—More about oil problems. Frank Olson, Superintendent of the two 
plants at Batavia, IIlinois, came down today with a furrowed brow. _ His pri- 
mary sludge is oily, the digesters contain a great quantity of mineral oil that 
interferes with the supernatant overflow and there is a possibility that his 
sand filters are being affected. The digested sludge to the drying beds is un- 
usually thick and gummy. ___In his case, the trouble comes from the discharge 
of cutting oil from a shell plant. 

The oil is in an alkaline emulsion that cannot be handled either by traps 
or by filters. The Petroleum Institute treatise referred to previously in this 
column indicates that such an emulsion may be hard to break up. The bul- 
letin suggests a long list of reagents that may have to be tried before one is 
found that will release the oil. We could not help Frank much but if he 
finds a solution we will tell about it later. 


June 13—Here is Chapter Four of the Paper Mill Story. Regular sampling 
and analysis began the week of January 3, 1944, and have been continued to 
date. The scheme of sampling was well planned and the weekly accumula- 
tion of samples has been regularly exchanged for the empty bottle crate every 
Sunday at the fire station. 

During the year 1944 the flow of waste liquor has averaged 1.25 million 
gallons per week and has carried 1,460 p.p.m. of suspended solids. This 
represented a loss of more than |.38 tons per day or 7.3 tons of pulp per week. 
There was one high week of 2.1 million gallons of waste liquor discharge and 
another week which showed a high tonnage loss of 16 tons. This was a 
disconcerting revelation, quite unsuspected by the mill officials, and consti- 
tuted a sizable loss when pulp ready for the paper machine was valued at $30 
per ton. 

In June, the company’s engineers came out for a conference. They ex- 
pressed sincere appreciation for our cooperation and stated that the losses 
were much more than had been anticipated. They reported that arrange- 
ments were being made to reduce the volume of waste liquor by a scheme of 
recirculation and that pulp loss was to be reduced by substitution of a regular 
paper mill ‘‘saveall’’ for the Oliver filter then used. (To be continued.) 


June 15—It was a pleasant variation in the daily routine to appear as guest 
lecturer before the chemistry and biology classes at Aurora College and to 
talk about ‘Sanitary Engineering and Public Health.’’ The class bell rang 
much too soon. 
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June 20—More than just lucky is the operator that has access to a good local 
machine shop, managed by a man with mechanical gumption. Aurora has 
one. 

After fifteen years, the shaft and cross arm casting at the head end of the 
rake mechanism of our Dorr Detritor became so badly worn on one side, due 
to the unbalanced pressure of the heavy tail weight, as to cause a decided 
jerking of the rake and misalignment of the machine. It took months of 
persuasion to get the machinist to accept the job but it was worth the 
trouble. The cross arm is both heavy and unwieldy. After much maneuver- 
ing to get the piece in a lathe and four days of hard work, all worn places were 
bored out and rebushed. Next time the effort and cost will be much less 
because it will only be necessary to replace the bushings. 


June 23—Presented the Biology Department of Aurora College with a six- 
month fetus. It was in a good state of preservation and they were glad to 
get it as a museum item. One or two a year come down. 


June 27—One five-gallon bottle of distilled water to the city chemist and 
one to the fire department today. This reminds us that, after all, the boys 
at Olean, N. Y., did get 31 votes for their distilled water ‘‘gadget’’ and might 
at least have been entitled to honorable mention (This Journal, 17, 381 
(1945)). Because we have no gas bills, the Aurora plant shares a lot of its 
distilled water with all the city departments—not for cigarettes, to be sure, 
but for a lot of friendly good will and cooperation. It pays good dividends. 

One day the city chemist had a questionable water analysis—too much 
calcium. It was traced to the distilled water and sleuthing eventually ran 
the trouble down to a puncture in the worm coil of our still! It was a dif- 
ficult repair to make but we did it. Then for a while we were extra cautious 
and tested every batch of water distilled with standard soap solution and 
wondered why the hardness was so high until we remembered to boil off the 
carbon dioxide before testing. Now everyone is happy. 





INTERESTING EXTRACTS FROM OPERATION 
REPORTS 


Conpuctep By LERoy W. Van Kt ierck 
Operators! 


Your cooperation, please! Send me direct a copy of your annual 
reports as soon as they are prepared—Address: LeRoy W. Van Kleeck, 





Connecticut State Department of Health, State Office Building, Hart- 
ford, Conn. This will assure prompt extracting in this Section. 

And to you operators who have never prepared an annual report, 
did you read Pete Wisley’s editorial in the January, 1945, issue, page 
99? Let’s extract that editorial here and now: 





“It is our positive opinion that the preparation of an annual report is a definite 
responsibility . . . an essential duty to the municipality served. 
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“Volumes have been written and spoken about the value of operation records with 
never a dissenting voice. But when it comes to annual reports, we hazard the guess that 
» these are prepared in less than ten per cent of all treatment works in existence! 

“The busy plant superintendent can waste much time in sifting through daily, weekly 
or monthly reports for what may be located quickly in the annual and he will get an 
over all picture from the annual summary that is not possible in data representing 
shorter periods. : 

“Tt is not essential that the annual report be presented as an elaborate printed 
brochure, replete with photographs and illustrations, such as is distributed from plants 
serving very large cities. A neatly mimeographed report will answer the purpose ad- 
mirably and the reproduction cost is almost negligible. 

“Through the newspapers the superintendent may achieve the transformation of 
his annual technical report into a story that the average citizen will understand. (The 
editorial then lists the seven essential elements of a good report.) 

“Why not put your plant in the ‘big time’ by preparing your first annual report to 
cover the year 1944?” 


Why not? The Federation has an ‘‘Operation Reports Commit- 
tee’’ now functioning. This committee in due time will undoubtedly 
present aids and guides to operators in the preparation of annual re- 
ports. It is also the aim of the Federation through this committee to 
present awards for operator’s reports, along the lines of awards now 
offered by some of the local sewage works associations. 

One immediate aid to operators is the report of the New England 
Sewage Works Association committee on ‘‘Sewage Plant Records.”’ 
In an appendix of this report the general and detailed data for yearly 
reports are listed for all types of plants and for specific plant processes. 
The report will be found in This Journal, Vol. 3, No. 1, page 108 (Janu- 
ary, 1931). 

Another useful guide which includes fixed, operation and mainte- 
nance costs is a report by a Federation committee submitted in 1931 to 
Mr. C. A. Emerson, Jr., at that time Chairman of the Board of Control. 
This report likewise lists the items on which records should be kept. 
It was published in This Journal, Vol. 4, No. 1, page 3 (January, 1932). 

Of more recent date, and in even greater detail, is the report of the 
rating committee of the New York State Sewage Works Association. 
In the committee’s revised rating schedule is an outline form of reports 
for submission to the rating committee. Operators should guard how- 
ever against following too mechanically a set listing of items. Origi- 
nality lends interest, readability and increased value to annual reports. 
Operators will find the schedule in This Journal, Vol. 11, No. 3, page 524 
(May, 1939). ' 

Among the sources of information do not forget this Section. By 
a study of these extracts you will obtain ideas on what is wanted by 
other operators for comparing and improving the performance of their 
plants. 

Good luck in your undertaking—am looking forward to receiving 
your report this year! 
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THIRD ANNUAL REPORT OF THE GARY, INDIANA, SANITARY 
DISTRICT SEWAGE TREATMENT WORKS FOR 1943 * 


By W. W. Maruews, Superintendent 


General Description 


The main Gary sewage treatment plant is an activated sludge, dif- 
fused air type, with separate sludge digestion. Garbage grinding 
equipment is included as part of the plant. The design is based on a 
flow of 40 m.g.d. or 170,000 population. The plant was constructed in 
1939-40 at a cost of $1,901,793.57. The plant site covers 52 acres. A 
description of the individual treatment units will be found in the previ- 
ous extract on this plant.* 


General Comments 


Aeration demands have been somewhat lower than at similar plants, 
air consumption being only 0.41 cubic feet per gallon of sewage treated 
for 1943. With a high rate of gas production and a low air require- 
ment, it has been possible to operate the Gary plant with low power 
costs. 

Dried sludge was again available at no cost to persons wishing to 
use it as a fertilizer. There was a decrease in yardage removed and 
the number of persons obtaining it during the year, which was caused, 
we believe, by gasoline rationing. During 1942, which was the first 
calendar year in which sludge was available over the entire year, 4,039 
persons removed 5,130 cubic yards, while corresponding totals for 1943 
were 2,656 and 3,329, respectively. 


Summary of Operating Data, Gary Sanitary District (1943) 


Item Average 
[Oa TTR ITCLCL Sc1 gO, 0 RS ELEN PRR eR yet are cr: Ca eM 100,000 
Sewage flow, m.g.d.......... A A MO OS EE BO or 245 
GUIg Rrae ror rg (7D Eire 0000 0 © ac ea gee, oe 0.41 
LDR. TsO); FEMOURUI Per F000 Clg Ue GIT 6 is sic 5ic ein eece woe bois snet ws nese cee ns 1.2 
CUS TU AS LOR ICCC Ay CIM CR PNUD os). ois eis .0 carne cba ie eis ee pale as oltin ees 1.44 
AOU OM IEK a ROTI oo? crak cit oie Sindee baie da sw twee Se Deseee eg bees 2.6 
OU Mtpaeier te VOINUHC HONGS BAUCUS ..5 eo. ces ere hace dies cave diaeen ssc sees 5.5 
PROC THEE ROR ORT EAE ss aha gepcaierag ccc iei ats iooe dis b/s ood Kd Aers are owas maa was G oie Henan 0.206 
CreQiie COD CIR TIP STS OY oar se ary “Nt om Ae 8.73 
Jie Ba] rTM tii els ee cre 2,430 
RSLS TRAP GN 127 0210100 Le 1 ch eh ao 1.91 
PRL OS DRS TTC! Lye cig en a 1,003 
We LESS 2 TR LTS SERS EL Rr oR GE ar ee a > ee 7.0 
Baa REPRE Se on oct 9 canoe Nrerel eens civ wee Hb iS ott sett ares Bee bio meee rel 
EU CDP TELE ag (Se ee ae ee ere er No Oe eRe 7.3 
LEIS SSS | 170 ERIS eer eC On ae Pra Pe 6.9 
EUDEC STL Coe UEILT Uc [nea ep en eg ere a2 





* For a previous extract see: This Journal, 16, 3, 637 (May, 1944). 
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Summary of Operating Data, Gary Sanitary District (1943)—Continued 


Item Average 
5-Day, B.O.D., p.p.m. 
lS a) 25S yy ei ag ee ae Bb a Oe, Be 129.5 
RMS ee a wie he ao ls 6 oo oda CONE hic saan BN GAGE eee 63.3 
NUM ED fos SEE ie or hale ea. en Ny Bite aa gay Pa eadlok an Bani hnne 9.3 
Percent reduction, raw and final. ......... 0... ec ccc ccc cc cceee = 92.8 
Suspended solids, p.p.m. 
Sn BS SER, RS ne oe ee eed ec, 3 ee 301.6 
NS Nc igh Go cong. Rosa GhOPS 4 apadS IS wb wy BE eho : 95.4 
ETO Nene deere lsc Ts nats Bie ew ais woo ale sls sap ps bo eos 10.3 
Per Wenreeancwmon, TAWSNd Anal... cw cee cee ce eee eee 96.6 
Saspended solids in mixed liquor, p.p.m.........:...... 00. cece cee cae ewe eee 1,353 
IE ere St cri k ii siy Gis oS es ed bls eS irsloig as dacs old Merde fo bles 101.5 
Sieeenmen eonds In TOWN Sludge, P.P.M..... 2... 2... ee cece ees seeee 4,532 
a A ec SD iced cone ei a aca Grech wo Biel) os Pad oe es She aw oe 32.5 
TS 20 4 a sheep Shia Siew a Aiea teh wie eae ae sale een ee 3.9 
Cy SSS Co bt a a ec mae 2.95 
Secondary settling period, gals. per sq. ft. daily................0.....0.... Me 734 
DRSURN I DE OPETAUION, GOATS... 2... ccc vee seve ca sencee #4 68,273.95 
Ee ETS PR at FL ARSE Ue kts SS 3 sts Dhl ou Gc Masada Sasaweew ages’ ; 8.70 
ATI 5 foes de 582 YS CS ss ow pias seed ah od baie dh wee ols 0.056 
oot weer an tba, 9349.19. removed, dollars. . ...... 0.0.0... os ce cee new esos esews 8.68 
Additional Items 
eR Meriy UININTTOIN ARENT WPAN, coos ov gic eve oa bicd cee basabevaadeaeeace ec 128,976 
SO ET 2 ree 5.93 
er went WInsle BOUGS IN TAW BIUGRS. ....... 5 ecce ewe ce cscs ccevesecceeecees 48.02 
Sludge gas analysis, per cent 
Sigh ia ace Rn OS ee a a er a 27.4 
SE PEE 0008 14 Are SS eet ads 6 SVR ew se a Mela odds 0.4 
MESS SSE REE eS cae ee TD ee eee ee Fe Ae 64.1 
Hydrogen. FE Pe Re ER See, eS Aces AR wen i Stns Ses che Seam 4.3 
Rc woh ae Oo nwo ssi Sinaia yaias preb.0s0s Slog F Seaee we 2 Te 3.9 
Hydrogen eulebibae, ( raw tati OE cog OU. Gr A | or re er oe 6.2 
Hydrogen sulphide, scrubbed (grains per 100 cu. ft.).................. id 4.48 
OR Re wires a Soe bus rik 01s ss Riv bMS Bie a HS Haw vialote as ced 596.43 
Grand Biliened river (effluent stream) 
Dissolved oxygen, up-stream, p.p.M...........0..00.00 eee eee eee at ate 3.81 
B.O.D., up-stream, p.p.m.......... Beet oro eht SA neh ce cise oN 3.98 
Dissolved oxygen, down-stream, p.p.M............. 0.00: e cee eee eee 4.0 
B,O.D., down-stream, p.p.m........ seep er ES See OAR reas SON 3.33 
Total sewage pumped, m.g........ Pd Ae eee OE Mie CE Ne OTe sty 7,847.65 
Sewage pumped with duilen ¢ MAR tne sa eee REA ee eR es ee xe 6,999.34 
Cost of electric pumping, dollars... . . Fee a See ee RA ge Ueto na UR 2,400 
Wau ces teed for pimping, Gollars....... 2.2... eee cece - 9,721.47 
Total air blown, 1,000’s c.f. . re Lerten ab hi ad i ery Men Tas PMR ve ae 2,954,211 
Air blown with sludge gas, 1, 000’ se ie. Ag Ae A GRAY 5 el be Rear ore wae 2) Seba LL 
(inte emnriine MEMAON, OUATS..... 2.2.0... 5... cede cece cca cco sen centscenn 773.24 
Sieur arene @I0D(0 FOr METHINON: MIOLIATS.. ... 5.5.6 ooo oe wes be cee sae geeselea once 10,805.60 
Total suspended solids removed, lbs. for year...............2. 00 eee eee cence eee 19,073,538 
ape ELMO ED, WUNIIWIG. NDB. TOP VOAT So. 5 sos oes oss scene bo Se acdsee ae bean ees 7,869,441 


* Includes primary and waste activated sludge, plus solids in digester supernatant liquor. 
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ANNUAL REPORT ON THE JACKSON, MICHIGAN, SEWAGE 
TREATMENT PLANT FOR THE YEAR 1944 * 


By A. B. Cameron, Superintendent 


This is an activated sludge plant employing separate sludge diges- 
tion. See a recent extract for a description of the plant units and a 
plant diagram.* 


General Remarks 


The effluent from this plant is uniformly higher in quality than the 
receiving body of water (the Grand River), and continues to bring 
many favorable comments from visiting sanitary engineers and laymen. 
This efficiency is indicated by the continued exceptionally high removal 
of suspended solids and biochemical oxygen demand, these removals 
being 93 and 97 per cent, respectively. 

During the last year, little if any trouble has been encountered in 


SUSPENDED SOLIDS REMOVAL 

















Vi rs. G Hrs. 
/§ PPM Jo 
The Grand iver 
/60 
2/] \PPM 
Tofol Suspended 
Solids Lemoved 
93% 
ee | 
B.0.D. REMOVAL 
Id Hrs. G Hrs. sails 






9 \PPM 
/44 \PPM 


7o7a/ B.0.D 
Removed 


| 
| 
| 
| 
tli 97% | 
a Se ee ares: 


Figure 1.—Suspended solids and B.O.D. removals by Jackson, Mich., 
sewage treatment plant—1944. 











* For a. previous extract see: This Journal, 16, 5, 995 (Sept., 1944). 
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keeping the filtros plates free and open. An occasional application of 
chlorine into the main air line, or the blowing out of the system by using 
additional blower capacity for twenty-four hours, has solved all of these 
problems. Results have been so satisfactory that we have not had to 
drain the tanks this year for inspections. 

The digested sludge drawn to the beds this year was a little thinner 
than the previous year. This is accounted for by the manner in which 
we have operated these digesters on some experimental work for the 
last year. These experiments are nearly completed and will be taken 
up in a separate report in the reasonably near future. 

During the past year we have again made every effort to maintain 
the plant grounds, as we feel them to be a very good investment in 
public good will. They are being used more extensively each year and 
the grounds will warrant the building and operating of a comfort sta- 
tion and wash room in a separate building to be used by the general 
public. It is planned to design and build this comfort station during 
the coming year. We still had to depend upon high school boys for 
ground maintenance this year, and will have to report that this is not 
a very satisfactory solution to our labor problem. 


Summary of 1944 Operating Data, Jackson, Michigan 


Average 
Item Average 1939-1943 
(COTO STTELE TLE P10 i gaa 50,000 — 
Se a 8, 2 ee ee ee ea a 8.73 - 
EDU UM IS a re 174 
Coon hoy Ry OS or) 54.1 
CF 02 0 AS en ee ance are ee one errr 46 
Analytical data, p.p.m. 
Raw sewage: 
Sov vu lec) °C fic RSs a a ne rere 211 210 
EEE ONEO sages: a3 a Gass wR ON RR wen Ss 144 147 
ROM IEMME MMR VOI Si ok Src ticle oastar ee WA Wie 2.4 1.5 
2 a) Re gee ren eee SF 10.9 13.5 
SS URS ee ae ear la 8.5 
PT EMMMNMLMONED te ets yc. ores ae es beeensee 48.3 51.1 
Final effluent: 
Dcie cic) CUS 5 ea ear ee eee 15 16 
5-day. B.0.D...... Pte sa We ed SUR Ric Sie oh a ere 4 10 
RM RUNMINN UIE Sie nS cei ance ir cadnw aids hehe. 5.2 5.4 
oe SS ee ee are 11.1 9.2 
CEG iO Oh SO Re 2.5 4.0 
RE IIE eh ek sins Sado ca van be eee 0.4 4.7 
Cyc e a pe Tr oc A rn 7.6 8.5 
Activated sludge data: 
Suspended solids in mixed liquor, p.p.m.................... 2,857 3,240 
hey OP UC wal tet leo! i a a a a 14 17 
6 by in OI a a a 40 37 
UVC ESC Ta CU a ocd... i a ara 0.6 
Sludge digestion data: 
ibs) airy solids removed per M.g.............. 6.66.6 eha oa 1,634 
Wipt eee WOMOVER, CU: FOS... 6 ee ee label's 24,090 


BD ray MAO TOMO VOM, OU. FOG s . s6n i556 a. 5 )oi a siaie seishe wd Sore. ohs 5,395 
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if Summary of 1944 Operating Data, Jackson, Michigan—Continued 

s Per cent solids: 

e PPORPEN TORIC no fs ee ce ea ie Sed a Soe Sea con ees 5.5 

O RRS T ORES RINE oS lr 218 I et ad aras es aod Seite ude 1.9 

HOP occa LCL PV a a eg a 74 

Per cent volatile solids: 

i CESS C1 1 Cg 63 

h CED ro DE ULe (oan ey ce eo ag ee 48 

@ Suspended solids, supernatant, p.p.m...............-.005- 8,952 

n SERGE (e001 5) 1 | CUES eae rere 7.2 
Total alkalinity, digested sludge, p.p.m..................-. 3,065 
Gas produced, cu. ft. per capita daily..................... 0.99 

1 Gas produced, cu. ft. per Ib. volatile solids................. 12.1 

1 Digested sludge temperature, F.°. ..... oi soe. ce see ween 91 

1 Dried sludge solids (open beds), per cent..............-0.-0005 39 

E OperbiOnvCOst, TOUANGOMAIS § 656.5 i565 oo tee tees ie ete eSsee 52,681.67 
Er ERGO tenes oe fies c 5 Seaton eh Sa Meee cists 20.56 

JEEVE(r) ae ee 2.23* 

y 

* Including fixed charges. 
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1943 ANNUAL REPORT OF THE BELVIDERE, ILLINOIS, 
SEWAGE TREATMENT DEPARTMENT * 


By Mires Lams, Superintendent 


Description of Plant 


A complete description of this plant will be found in the last ab- 
stract. In brief, the plant is of the activated sludge type with separate 
sludge digestion. It is now treating the design population of 10,000. 


History 





The plant was placed in operation January 1, 1937. Simultaneously 
with this, the sewer service rentals were started.. Major plant im- 
provements since construction include a digester roof, a 3.0 m.g.d. pro- 
pellor pump for the lift station, an extra turn of digester heat coils, and 
a new gas boiler with provisions for auxiliary heat in the old boiler. 
(Extractor’s note: Many of the smaller plants in the country have 
learned the need for two boilers: one for gas and one for coal or oil in 
order to insure proper heating of the digestion tanks and buildings in 
the winter. Under some circumstances it is practical to use manufac- 
tured gas in conjunction with sludge gas in a single boiler.) 

The plant grounds have been completely landscaped and bituminous 
roadways and parking lots have been constructed. Concrete walks 
have been built to give ready access to the various parts of the plant. 

In 1942, the control building was remodeled to provide more suitable 
working space. During this same year, a lagoon was constructed to 
provide a place for the raw sludge while cleaning the digester and to 
provide relief for overloaded sludge beds. 





* For a previous extract see: This Journal, 11, 5, 897 (Sept., 1939). 
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Considerable progress has been made in the construction of a dike 
for flood protection. This dike is being built at practically no cost with 
waste foundry material and waste dirt from street work. About 75 
per cent has been completed. 


Administration 


The Belvidere sewage treatment works operates under the sewage 
revenue bond and service charge law enacted in 1933, and all monies 
are derived from this source. The responsibility for the operation and 
maintenance together with the collection of the revenue for sewer serv- 
ice rests with the sewage treatment department. 

Bills are issued quarterly and are payable at the collection office of 
the department, which is in the city hall. The amount of the bill is 
based on the water consumption. The minimum charge, with the 10 
per cent discount allowed for payment before the 20th of the month, is 
68 cents per month. For the purpose of billing, the city is divided into 
three sections. These sections are billed in rotation. By this method 
a steady monthly income is assured. Delinquent bills become a lien on 
the property. As of December 31, 1943, delinquent accounts were less 
than 2 per cent of total collection. In 1943, the cost of collecting the 
revenue was about 6 per cent of the total billings. Collections from 
the sewage revenue during the year were $24,704.71, which was suffi- 
cient to cover all items of expense. 


Digestion Tank 


With the exception of a short foaming period, which occurred in 
January, the digester operated in a very satisfactory manner during 
the year. This foaming was an aftermath of the 1942 cleaning of the 
digester, and was described in the 1942 report. The effectiveness of 
the work done on the digester and heating equipment during 1942, is 
shown by the fact that an average temperature of 92 degrees was main- 
tained for the year, and that the temperature in December was 95 de- 
grees or about 10 degrees higher than it was formerly possible to 


maintain. 
Summary of 1943 Operating Data, Belvidere, Illinois 
Item Average 
Sewage flow, m.g.d................ Eom cele Re Se oks ee Weabaih BORE She Rot ete acter aL 1.05 
ie ERIE Geos 5,0 Sc c aw S's ois We ag eS Med aa RA Few ee eee oe a ee 129 
Pomiiatoneerved 0.0... 6.65.5... Sec os id a tcieney. pinata Bech RNG 10,000 


Analytical data: 
5-Day B.O.D., p.p.m. 
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Summary of 1943 Operting Data, Belvidere, Illinois—Continued 


Primary treatment 


Wiyerniie GOUANGION PONOU METS: . 5 665 66 co cece cee eve et esta nema 1.14 
Secondary treatment 
Per cent settlcabie SONS, GO TNINE..... 6... tee ee ee ee ht 23 
SUELO ORCL INCI STEN os 265 neha. hoo oo locosse 32ie w:'s/s\ a; 6 ois gas ao apa Sip Keak Pe gate 564 
Se Sc ig ale ag ai all oe we iain le Aa a aaa entre a ts 408 
Pe aeaE es UN AIO RG oe a ee hae Se ean te kh eececedeas 201 
Per Orm rr TOU Ns a se Sct Sos tie hho donde ds dbetacwe 19 
PRUE SEM NEER Si loo pk a0 tard «oi gH) drool S 6 34 vt WEA DMA 7.6 
Diesalvod OXYGEN, OUUCU, D:PTls soo 5. osc Sole cy Gewese ple shee ose,eneaye 3.2 
Sludge digestion 
BG EW GONE AOU ORIEN el ec cec lees occa ees neecscdeeenioeee 2,420 
Kea hoe le | An aa eg ee Aa 7,060 
PG Gry Ot Bis SI EON i oy 6 fad 6a 6 is GA oa Ose Be cele bales od 4.12 
Volatile solids in sludge added, per cent................... 00 e ee eee 63.3 
AA ENE EEA eee SIR ee ea Ce ES, oi cae Fe SEU 3 ROOTS SS RO 92 
Gas produced, ‘cu. Tt. per Capita per day... 6... cece cee eee ces 1.78 
Cost data 
Coster plant Operation; GOUATS. «oo 5 cc ee eb elas ceed eb wnsees 8,487.41 
Cost of pumping station operation, dollars......................0005- 1,400.00 
CORG OF Se IIS UPINOR, COMAIS <5. 5 so. 5 cos bee cas bs Vesa tines beware 2,447.68 
Cost Or TOd GHETECd, CLl., COUATS 96. oo. coc Pees tee becuse Benes 11,849.06 
MOUAEOSPIOEIEOS TON VCRP COMAES 425555. 5 55 co's o.tperk sooo e 84 sch ms tigen oops wb 24,184.15 
Cost per mg: (imeluding Hxed CHATZES) 5... oi ccc eee ec emecels 63.31 
Cost per capita (including fixed charges). ..............cscececcececs 2.42 





TIPS AND QUIPS 
e e e@ 


Moments from Montana, when the infant Montana Sewage Works 
Association held its First Annual Meeting at Lewistown on April 12-13 
... the registration of 33 was considered excellent, under the cireum- 
stances, and was well within the limit set by O. D. T. . . . interruption 
of the first afternoon session with the shocking announcement of the 
death of President Roosevelt ... and the pause taken while everyone 
present stood in silence and with bowed head, in respect to his memory 
. . . the amusing but instructive remarks made by Superintendent K. J. 
Winebrenner of Kalispell, who told of his trials and tribulations in put- 
ting the Kalispell plant into operation, after it had been left unfinished 
by the W. P. A... . the timely reminder by A. W. W. A. President 
Leonard Thompson of St. Paul, Minn., to the effect that sewage and 
water works departments have been remiss in failing to conduct ade- 
quate public relations programs . . . the lucid explanation of the man- 
power and materials procurement situations by Lt. Col. Gerry Arnold, 
U. S. P. H. S. engineer assigned to the Water Division of W. P. B. as 
director of such services in the western region . . . and his quip that 
‘‘A priority rating on an order for lumber is just a hunting license,”’ 
in emphasis of the critical present supply of that material . . . the visit 
to Lewistown’s modern sewage treatment plant, proudly exhibited by 
City Engineer Joe Schmidt . . . and the compliments of the Federation 
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to Herb Foote, Joe Schmidt, Dean W. M. Cobleigh and others for their 
efforts in launching so successfully the youngest Member Association 
of them all! 


Zinc metallizing as a means of combatting corrosion appears to be 
attracting considerable interest in sewage works. Upon receipt of an 
inquiry from Supt. T. R. Lovell of Marshalltown, Iowa, for information 
as to the effectiveness of metallic protective coatings as applied to 
equipment exposed to sewage, he was promptly referred to Supt. W. A. 
Sperry of Aurora, IIl., who has tried zine metallizing on a sludge meter. 
The Aurora experience with zine metallizing is the first which has come 
to our attention from a sewage treatment plant. 

The following extracts from the ensuing exchange of correspondence 
will be of interest to other operators; the first extract is from Mr. 
Sperry’s reply to the original inquiry: 


“We have long been impressed by the possibility of zine metallizing in sewage treat- 
ment plants because zine is relatively unaffected by hydrogen sulfide. Further, we have 
been interested in Palmer’s experiences at Erie, Pa., as reported in Water Works and 
Sewerage, September, 1942, Page 391. 

“We undertook recently to rebuild the tipping bucket sludge meter which has been 
in use at Aurora for more than 10 years. In the course of this job, we accidentally 
learned that a local firm was in a position to furnish the equipment a zine metallizing 
treatment, that is, sprayed zinc. We immediately availed ourselves of the opportunity 
and had the sampling tank, hopper, body, cover and tipping bucket of the meter com- 
pletely metallized. The zine was sprayed to an approximate thickness of 0.004 inch, 
which is considered a good weight of protective coating. The spray was passed over the 
meter repeatedly- in various directions so that the zine is built up of overlapping layers. 
The cost was about $30, which is considered reasonable in view of the protection which is 
anticipated. 

“The sludge meter has been in operation only 3 months since the above work was done 
and there has not yet been sufficient time for us to evaluate the protective treatment. 
While aitending an operators’ meeting not long ago, some doubt was cast on the advisa- 
bility of the sprayed application, based on the statement that spraying was likely to leave 
porous spots at which moisture might penetrate and instigate rusting behind the zine. 
Note that the objection was not to the use of zine, but rather to the method of application. 
The counter suggestion was that a dipped job would be better because it would result in 
a heavy continuous film of zine that could be built up to any desired thickness. The 
procedure in this case would be to clean the metal thoroughly with acid, dip the part into 
a saturated solution of ‘ammonium chloride to act as a flux and then plunge it into a bath 
of molten zine. We have performed this operation on certain small items exposed to 
weathering, with exceedingly gratifying results, but it is pointed out that the method 
could be used on pieces as large as the sludge meter only by someone equipped for the 
work. 

“We expect to watch carefully our experimental trials of zine metallizing and con- 
sider them as pilot studies for reference at some future time when we might use this 
method of protecting the equipment in our primary clarifiers. We are particularly 
watchful for any evidence of porosity in the spray job but have been assured by those 
who have had considerable experience with this type of coating that porosity is not to be 
greatly feared, particularly if care is taken to apply the zine by successive passes of the 
torch and to build it up in overlapping layers. I think the method has good possibilities 
and have been careful to furnish reasonable details but you will have to use your own 
judgment on the application of the method in your plant.” 
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Mr. Lovell responded to the above by relating some of his experi- 
ences with corrosion at Marshalltown and in the plant at Fort Dodge, 
Iowa, which he formerly supervised: 


“The Marshalltown plant has been in operation 5 years; it comprises separate sludge 
digestion and activated sludge units, and handles a sewage which is concentrated by in- 
dustrial wastes. The aeration tanks are equipped with Chicago swing diffusers and the 
final tanks are equipped with Tow-Bro sludge removal mechanisms. It is in these tanks 
that our corrosion is worst. The wrought iron diffuser headers and even the east iron 
feed pipes that are submerged are badly pitted and corroded. The same applies to the 
multiple weir troughs and to the Tow-Bro piping, bracing and sludge heads in the final 
tanks. > 

“Tt is possible, of course, that some of this is due to electrolysis. At Omaha, where 
they have similar diffusers, cathodic protection was installed to eliminate the condition, 
but at last reports the method was not a success. I have tried cleaning and painting the 
equipment but the expense has not been warranted because of the short time the paint 
lasts. We must find some way to protect the equipment or will find it necessary to re- 
place many parts within two or three years. 

“My experiences at the Fort Dodge plant and here have convinced me that zin¢ or 
galvanized equipment stands up about the best. I might mention, however, that we have 
a good many stop-gates and guides, proportional weirs, ete., that are made of cast alumi- 
num and that to date they show no signs whatever of corrosion or pitting. If I can get 
the metallizing equipment, I intend to try some aluminum to see how it compares with 
zine. 

“Our sewer department owns a large portable compressor and I feel that we would 
be justified in spending about $900 for the metallizing equipment, including the sand 
blast equipment which we should have even for painting. We have a good many other 
applieations for the equipment since this plant is highly mechanized and maintenance has 
become our biggest problem. 

“We have another problem at our grit removal equipment, flocculator and primary 
tanks in that excessive wear of flight shoes, underwater drive chains, grit buckets, sprock- 
ets, underwater bearings, ete., is caused by fine sand which enters the system and plant 
due to defective joints in some of the old sewers which lie in quicksand. The sand is so 
fine that much of it passes through the grit channels and collects in the flocculators and 
primary sludge hoppers. Last year we replaced all underwater drive chains and bear- 
ings in the floceulators and rebuilt all of the wearing shoes of the sludge collector flights. 
I do not know whether metallizing with an abrasion resistant metal would help or not; I 
am rather doubtful on that score.” 


Mr. Sperry’s second response reviews corrosion experience and 
other experiments with protective coatings at Aurora: 


“After reading your interesting letter it seemed that you might possibly profit 
further by some additional comments arising out of experience at Aurora. In the first 
place, we carried out a 3-year experiment by exposing a large variety of metals to the 
presence of moist plant gas to observe the corrosive effect of the sulfur constituent. 
This work was done under conditions of known moisture hydrogen sulfide content of the 
gas. Careful observation was made of the test pieces and we found, generally speaking, 
aluminum, zine and lead to be unaffected. Unfortunately, we neglected to add tin to the 
group, but are firmly of the opinion that tin would take its place among this group. 
Iron, in various forms, as east, malleable, steel and wrought, was possibly affected partly 
by reason of sulfur and oxidation. Coppers were severely attacked and the large num- 
ber of copper bearing alloys were attacked in rough proportion to the amount of copper 
present. We agree with you, therefore, in the suspicion that zine is generally unaffected 
by the sulfur in the sewage. We also are of the opinion that sprayed metal applications 
are fairly resistant to abrasion. We hazard this guess based on experiences related to 
us by a large local conveyor manufacturing concern, which applied zine metallizing to 
large conveyor belt rollers used in mine work, where the equipment has been subjected 
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to severe moisture and wear conditions with a very long and satisfactory history of the 
zine retaining its protective properties, i.e., it did not wear off or give out. 

“The specific reason that we have been attracted to metallizing as a protective cover- 
ing on underwater clarifier mechanisms is that two of our clarifiers are in use and the 
other two lie empty and unused. If all four clarifiers were continuously in use we doubt 
if we would ever bother to apply any paint coating due to the fact that the greases of 
the sewage, in the absence of oxygen, are quite completely protective. The destruction 
comes from long exposure to moist air. Every time we have applied a paint coat, not 
only was it a difficult and unsatisfactory job to prepare the metal due to complicated 
construction, but not a vestige of the paint remained after a year. To date, we know 
of no paint that will ‘stay put.’ The most promising treatment for the shut-down period 
now appears to be the application of ‘Rust Proof L’ (Texaco product), which is a glori- 
fied axle grease. This is messy to apply but is reported to be doing excellent work, and 
recently the State Highway Department of Illinois, following exhaustive tests, has 
adopted it for bridge structures and other highway equipment. 

“One other interesting comment is in connection with our Dorr Detritor mechanism 
which has operated for about fourteen years. When we finally had to withdraw it, those 
portions of the rake which were continuously submerged in raw sewage were in perfect 
condition except for wear on the edge of the rake teeth, and the paint, possibly a baked 
enamel, was still intact. Those portions alternately in and out of the raw sewage had 
worn to knife edges or had completely rusted out. 

“We have long felt that aluminum might have many valuable possibilities as a struc- 
tural material, but the sensitiveness of aluminum to alkali might prove a factor and one 
would want knowledge of some long exposure before venturing too far in this direction.” 


Mr. Lovell’s last letter refers to the application of metallizing in 
British sewage works: 


“In your last letter, you refer to your three-year experiment with various types of 
metals exposed to moist plant gas. At the Fort Dodge plant the engineers specified 
copper flashing, eaves trough and downspouts and then, unfortunately, connected these 
downspouts to the bypass sewer. These served quite well as ventilator stacks for the 
sewer, with the result that the copper was completely eaten through in less than a year. 
Eaves trough and flashing were attacked but to a lesser extent. Similarly, a copper sky- 
light frame and ventilator on the sample room between the digesters were completely 
ruined in a very short period. At the outlet of the trickling filters, the filter effluent from 
a number of filters was combined in manholes ahead of final tanks. These manholes were 
equipped with cast iron manhole steps and with cast iron sluice gates for bypass ar- 
rangements. This cast iron sealed off and deteriorated in the same manner as steel 
normally does under such conditions. 

“We also found the same conditions at our primary clarifier mechanisms at Fort 
Dodge as you have at Aurora, that is, that the mechanism was protected by the coating 
of greases in the sewage except for those parts that became worn from abrasion. We 
assumed that this same condition would prevail with reference to the underside of the 
floating covers on our sludge digesters. However, after about four years of operation 
we made an examination of these covers and found them badly corroded. They consid- 
ered metallizing at that time but finally decided to paint following sand blasting. I 
don’t know what their experience will be when they find the opportunity to examine 
these covers again. I don’t believe this condition is normally experienced with floating 
covers, at least I haven’t heard of anyone else who has had this same experience. I feel 
that the high sulfate content of the Fort Dodge water may have something to do with 
this as the sludge gas at Fort Dodge normally contains anywhere from 150 to 400 grains 
of H.S per 100 eu. ft. 

“Your reference to ‘Rust Proof L’ is of interest since we received a sample of this 
material from Texaco and tried it on our underwater equipment in the aeration tanks. 
We found no evidence of it after several months of service. I assumed that the constant 
agitation of the mixed liquor would wear it off. For protecting idle equipment such as 
you describe it would probably give good service. 
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“T have just received a letter from the Metallizing Engineering Company, Ine., 38-14 
30th Street, Long Island City 1, N. Y., in reply to an inquiry as to whether they had ever 
had an application of their process in sewage plant work. They sent me the subject 
matter of an article that is soon to appear in their publication Metco News, which article 
has been received from their English representatives. In brief, the article refers to the 
metallizing of cast iron sludge trays or containers used in the silica-gel process of sewage 
treatment. I am not familiar with this process but from the article I take it that these 
trays are submerged. The article states that the trays had been showing extreme cor- 
rosion conditions and that in 1937 sewage engineers ran tests on both old and new trays, 
metallizing with 0.002 inch, 0.005 inch and 0.010 inch zine and with galvanizing. It is 
added that just before the war the following specification was adopted by these engineers: 

1. All new sludge plates should be metallized with 0.005 inch zine on the inner faces. 

2. All used sludge plates should have a minimum of 0.005 inch zine over the whole 
inner surface, but the thickness should be increased up to a maximum of 0.010 inch on 
any area which was badly corroded, and any deep local pitting should be roughly filled 
with the sprayed zine.” 


Placement of fire extinguishers according to the following sugges- 
tions of the Safety Research Institute, Inc., will assure their availability 
in time of need: 

“Portable fire extinguishers should be placed where they are readily available and 
access to them is not likely to be cut off by fire. 

“When used to provide general protection for an area containing normal fire hazards, 
extinguishers should be so placed that at least one large or two small ones can be reached 
by traveling no more than 50 feet from any point in the area. Fewer extinguishers are 
required when the fire hazards are light, and more when they are severe. 

“Extinguishers may be mounted on columns or walls, with hangers, brackets or 
shelves as supports. The tops of easily handled units should not be more than 5 feet 
from the floor; with heavy units, this distance should not exceed 34% feet. 

“Extinguishers should be placed where they can be plainly seen. When they are 
wholly or partly concealed, their locations should be marked with conspicuous signs. 

“Nothing that might interfere with the accessibility of an extinguisher should be 
placed under or near it. All extinguisher locations should be checked at least once a day, 
and any obstructions found should be removed immediately.” 


Chemist Justin J. Alikonis of the Bloomington-Normal (IIl.) Sani- 
tary District reports an experience that points to a loss of digestion 
capacity at Imhoff tanks in which grit may have accumulated over a 
period of years. 

A persistent case of foaming this spring in all of the four Imhoff 
tanks could not be brought under control by the usual remedies of rest 
(by removal from service) and pH adjustment. The foaming would 
subside during the rest: period but resumed within a week after the 
tanks were replaced into service. 

At the suggestion of District Engineer J. J. Woltmann, one of the 
tanks was drained and an explanation of the foaming tendency in the 
tanks became evident. This tank was found to contain a surprising 
amount of grit and stiff, over-ripe sludge so that the volume of the 
sludge compartments was measurably reduced. About 110 cubic yards 
of grit and 364 cubic yards of a mixture of grit and ‘‘dead’’ sludge, in 
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a ratio of approximately 1:3, were removed from this one tank. The 
volume of material removed represented about a third of the effective 
sludge storage capacity of the unit. 
A ease of indigestion brought on by a collection of ‘‘gall stones,’’ as 
it were! 
@ @ @ 


A new policy on charges for cleaning sewers which are clogged by 
industrial wastes has been adopted by the city of Chicago, according to 
an item appearing in The Chicago Tribune of February 26, 1945, as 
follows: 

“Thomas D. Garry, superintendent of sewers, said the city collected its first bill 
yesterday in a new policy of charging industries for the expenses of flushing and scraping 
sewers clogged by industrial wastes. The Western Shade Cloth Company, 2141 Jeffer- 
son St., paid $173.58 for which it was billed by the city for labor and other costs of 
cleaning oily waste from a sewer. Garry and Public Works Commissioner Hewitt said 
the city will continue to bill factories responsible for clogged mains. City engineers will 
co-operate with the industries, they said, in designing catch basins to prevent clogging.” 

Looks like a good way to make industry realize that even a sewer has 
some limitations. 

© . * 


‘* Just like a shot in the arm’’ is the way C. O. Baetz of the Repairs 
and Utilities Section office at Salt Lake City described his chance meet- 
ing at Camp White, Ore., with Capt. S. C. (Sandy) Martin, who is now 
located at Camp White and is on leave from the Illinois Department of 
Public Health. A long way from home were these two ‘‘Central 
Staters.”’ 

Baetz, who was formerly superintendent of the Appleton, Wis., sew- 
age treatment plant, tells of an experience encountered in his travels 
through the West. It appears that the effluent from a sewage treat- 
ment plant serving an army air base in Arizona is used for irrigation 
of alfalfa fields. A rancher pasturing cattle in these fields hired a new 
hand to attend the herd. At the end of a week, the rancher called on 
the cowhand to see how he was getting along and inquired about the 
water supply, referring, of course, to the sewage works effluent which 
was depended upon for watering the cattle. The cowhand’s response, 
‘‘Say, where does that water come from anyhow? It’s the best darn 
water I ever drank!’’ perturbed the rancher no end, and sent him 
forthrightly to the air field in search of an antidote and medical advice. 
Apparently, no harm was done except to the rancher’s peace of mind. 


And then there was the gentleman from the hills, who is said to have 
written to a clay pipe association in response to an advertisement he 
had seen. After extolling the virtues of smoking and expressing his 
own enjoyment of the habit, he wanted to know if he might not have a 
complimentary sample! 

€ @ @ 





Editorial 


CONGRESS STUDIES FEDERAL CONTROL OF 
STREAM POLLUTION 


Despite the many pressing domestic and international questions of 
the moment confronting the 79th Congress, a surprising interest is 
being evidenced in Federal stream pollution control legislation. The 
fact that no less than three House bills and two Senate bills have been 
introduced at this writing, all proposing the establishment of Federal 
authorities to administer problems of water pollution, demonstrates the 
importance of the matter in the minds of our national lawmakers, who 
have been considering pollution control legislation for several years. 
Had it not been for the war, it is likely that one of the earlier bills would 
have become law by this time; it is significant that the problem is one 
of the first items of unfinished business to be taken up as peace begins 
to brighten the horizon. 

All of the bills now under consideration by Congress have essentially 
the same objectives, i.e., the establishment of a Federal coordinating 
agency to function with state and local bodies in stream pollution inves: 
tigations and abatement programs, to facilitate interstate action, to con- 
duct research, ete.; and to provide for loans and grants to municipali- 
ties for the purpose of planning and constructing works necessary to 
abate pollution. There are important differences in the bills, however, 
particularly in regard to enforcement authority. 

The Barkley-Spence Bill (S. 1037 and H. R. 592) is identical to the 
one introduced by Senator Barkley and Congressman Spence in the 78th 
Congress and which was endorsed in principle by the Federation Board 
of Control in 1944 (This Journal, 17, 2, 392). The measure invests the 
Sanitary Engineering Division of the U. 8. Public Health Service with 
new duties and responsibilities, and establishes a Water Pollution Ad- 
visory Board which would function only to review programs and policy. 
No direct Federal enforcement authority is provided by the bill. An 
appropriation of $50,000,000 per year is provided for approved loans 
and grants-in-aid, the latter being limited to 50 per cent of the total 
cost of the project. An additional $1,500,000 per year is appropriated 
for distribution among state pollution control agencies to finance inves- 
tigations and special studies. 

The White and Smith Bills (S. 330 and H. R. 587) provide for a new 
Division of Water Pollution Control in the U. 8. P. H. S. and for the 
creation of a Board of Water Pollution Control in the new division. 
The Board is to comprise four sanitary engineers of the U. S. P. H. S. 
and one representative of the Office of Chief of Engineers of the War 
Department. The bills require the Board to classify all navigable 
waters into ‘‘sanitary water districts,’ to fix ‘‘standards of purity”’ 
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in each, and provide that action shall be taken by the U. S. District At- 
torney to bring about abatement of pollution which violates the ‘‘stand- 
ards’’—an enforcement provision which is most inflexible and allows no 
exercise of discretion. A maximum appropriation of $50,000,000 per 
year is authorized for approved loans and grants, with such grants 
limited to 33% per cent of the cost of the project. -. The sum of $700,000 
per year is appropriated for distribution among state pollution control 
agencies for technical investigations. 

The Myers and Mundt Bills (S. 535 and H. R. 519) establish an en- 
tirely new Federal agency, designated as the National Board of Water 
Pollution Control, to comprise the Surgeon General with certain mem- 
bers of the Cabinet and representatives of Congress. For administra- 
tion of the Act, the Board is empowered to appoint an operating Com- 
mission, which consists of designated representation from seven exist- 
ing Federal Bureaus and services engaging in activities associated with 
the conservation of natural resources. Enforcement authority similar 
to that provided under the White-Smith Bills is invested in the Board 
proposed by this legislation but such authority is specifically devised 
to supplement action by state pollution control agencies and allows the 
Board to exercise discretion in special cases. Loans and grants for the 
construction of works needed to abate pollution are authorized upon 
recommendation by the Board ‘‘in the amounts and under the condi- 
tions that may be prescribed by Congress for other public works.’’ 

The U. S. Public Health Service, prominently represented in all of 


the above pollution control measures, is intensely interested in the 
legislation. The opinions and recommendations of that agency are 
contained in the following statement of policy, dated March 13, 1945: 


“The general magnitude and importance of the water pollution problem in the United 
States, and its relation to the various uses of water and the public health have been well 
established. Likewise, the inability of State and local authorities to adequately control 
the pollution of interstate waters without the assistance of a central coordinating agency 
has been demonstrated over the years. 

“Tt is generally recognized that there is a need for Federal legislation to provide a 
stimulus to water pollution abatement activities and the necessary coordination of exist- 
ing control authorities. 

“The Public Health Service has been engaged for many years in the investigation of 
interstate water pollution problems, individually and in cooperation with State and Fed- 
eral agencies. This activity has been limited in scope since it has, of necessity, been con- 
fined to investigations. 

“The Public Health Service is interested in any Federal legislation dealing with the 
pollution control of interstate waters which provides for the following items: 


1. Provisions for a Federal agency to act as a coordinator and advisor in matters per- 
taining to water pollution and its abatement, with authority to carry on investiga- 
tions and other activities necessary in developing more efficient methods of treat- 
ment of sewage and wastes and in preparing comprehensive water pollution 
abatement programs. 

. The authorization for appropriations of funds sufficient in amount to permit the 
Federal agency to properly carry on the duties assigned to it. 

. Provision for an advisory board to the agency, the membership of which will in- 
clude representatives of Federal agencies officially concerned with uses and control 
of water resources which may be affected by pollution. 
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. Permission for States to form interstate compacts for cooperative effort in the 
prevention and abatement of pollution of interstate waters. 

5. The authorization for appropriation of funds for allocation to States for pro- 
motion, investigations and preparation of engineering reports and plans necessary 
for the prevention and abatement of water pollution. , 

3. The authorization for appropriation of funds for grants-in-aid or loans to civil 
subdivisions of government and loans to persons for the purpose of constructing 
sewage and waste treatment works. 

. Provision for the continuing interest by the Federal authority in the efficient 
operation of completed projects to insure that maximum benefits are derived from 
improvement works on which Federal funds have been expended. 


“The Public Health Service makes no recommendations at this time relative to the 
nature or degree of regulatory or enforcement provisions in water pollution control leg- 
islation. The decision as to the extent to which the Federal government should be pro- 
vided with, and exercise police powers in the control and abatement of water pollution 
is a matter primarily of legislative policy to be determined by the Congress.” 

The Federation, in acting through its Board of Control on the 
Barkley-Spence Bill last year, has approved the general objectives of 
Federal pollution control legislation which embodies the retention of 
the rights of the state pollution control agencies insofar as possible. 
No definite stand has been taken on the important issues of financial 
participation and enforcement of abatement through Federal chan- 
nels, which issues are at greatest divergence in legislation presently 
proposed. 

On the question of Federal loans and grants-in-aid, the writer sub- 
scribes to the common opinion that pollution abatement projects should 
find sufficient financial support on their own merits to be self-liquidating 
as financed through independent channels but that in the event that a 
broad Federal public works construction program is found essential to 
the national economic structure and welfare, such projects should be 
among the foremost to receive impetus through Federal subsidy. 
There is also a personal feeling that all provisions for loans and grants 
might well have been eliminated from this particular legislation, since, 
first, they are likely to overshadow the fundamental intents and pur- 
poses of the bills and, second, there would appear to be considerable 
logie to the provision of Federal public works subsidies in a single, 
separate measure covering all of such works, if and when Congress 
deems such subsidies to be necessary to the national economy. There 
is no fault to be found, however, with the proposals to give financial aid 
to state agencies for the conduct of technical studies. 

A Federal authority empowered to supplement the enforcement au- 
thority of state agencies in effecting pollution abatement is believed to 
justify support. There should be a careful integration, however, of 
the national and state authorities in their powers to prescribe standards 
of stream sanitation and to act against parties responsible for objec- 
tionable pollution. Above all, the national agency should be given dis- 
cretionary authority; in line with that provided in most state legislation, 
so that all regulations may be administered fairly in every case. There 
is believed to be merit in a requirement that the Federal authority could 
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take enforcement action only when so requested by the state or states 
involved. 

A third issue at divergence in the legislation now before Congress, 
not previously emphasized, is the creation of a new Federal agency to 
administer water pollution control, as proposed in the Myers and Mundt 
Bills. The writer is strongly of the opinion that such a new agency is 
not desirable, for reasons other than the fact that there is already a 
surplus of conflicting Federal bureaus. The Division of Sanitary En- 
gineering of the Public Health Service is well equipped in staff and 
background to assume the additional duties which would be required 
of it; the legislation actually merely authorizes an expansion of some 
of the functions now carried on by that Division. The Public Health 
Service has already contributed heavily to the knowledge and technic 
of stream pollution investigations and enjoys the confidence and respect 
of everyone engaged in that work. Furthermore, most state pollution 
control activities are conducted by the sanitary engineering personnel 
of departments of health and it is only reasonable that the national co- 
ordinating agency should be a similar organization. It would be indeed 
unfortunate if the experience and understanding of the problem repre- 
sented in the Public Health Service were to be sacrificed by the creation 
of a new pollution control agency outside of the Service. 

Of the three types of legislation now under consideration, it is be- 
lieved that the Barkley-Spence Bill, with certain revisions, is best fitted 
to pollution control requirements. Amendments have been proposed 
which would: (1) provide a more definite state enforcement procedure 
in pollution abatement, (2) reduce the amount of Federal grants-in-aid 
from 50 to 33% per cent, (3) increase the annual appropriation for loans 
and grants-in-aid from $50,000,000 to $100,000,000 per year and (4) 
make the Federal appropriation available immediately for planning 
purposes. 

It is hoped that Congress approaches the Federal pollution control 
problem with due exercise of judgment and that a sound, practical and 
progressive law will result. It is timely to repeat the recommendation 
of the Board of Control that ‘‘all individuals and organizations inter- 
ested in the elimination of stream pollution communicate their views to 
members of the Congress to the end that adequate implementing Fed- 


eral laws may be enacted.”’ 
W. H. W. 





Federation Affairs 


1945 CONVENTION AT TORONTO POSTPONED! 


In accordance with the requirements of the War Committee on Con- 
ventions of O. D. T., the Board of Control of the Federation has post- 
poned for an indefinite period the annual convention which had been 
planned to be held in Toronto, Canada, on October 1-3, 1945. The next 
convention of the membership-at-large will take place at Toronto at a 
time to be determined by the Board, in compliance with Federal regula- 
tions and the Constitution and By-Laws of the Federation. 

The regular annual business meetings of the Board of Control, usu- 
ally held in conjunction with the convention each year, will be held on 
October 17-18, 1945, probably in Chicago. Attendance at these ses- 
sions will be restricted to officers, directors and committee chairmen. 

Despite the postponement of the 1945 Convention, the technical pro- 
gram already in assembly by the Program Committee headed by F. W. 
Gilereas will be brought to the membership-at-large through the me- 
dium of Spewack Works JournaL. These papers will appear in issues 
of the Journa beginning with that of September, 1945, which issue has 
been designated as the ‘‘ Annual Convention Number’’ as has been cus- 
tomary in recent years. Among the outstanding papers comprising the 
tentative program are the following: 


The Development of the Activated Sludge Process of Sewage Treat- 
ment. By Samuel A. Greeley. 

Installation and Maintenance of House Sewer Connections. By N. 
MaeNichol. 

Accomplishments and Future Applications of Trickling Filters. 
By E. Sherman Chase. 

Experiences with Activated Sludge at Toronto. By Wm. Storrie. 

Rising of Activated Sludge in Final Settling Tanks. By Claire N. 
Sawyer and Leland Bradney. 

Conditioning of Supernatant Liquor for Addition to Aeration 
Tanks. By L. S. Kraus. 

Operating Experiences in the West Middlesex (England) Activated 
Sludge Plant. By C. B. Townend. 

Disposal of Pickling Liquor. By Richard D. Hoak. 

Standards of Stream Sanitation. By Harold W. Streeter. 


The complete program as finally arranged by the committee will be 
given in the September issue of the JouRNAL. 


W. H. Wisexy, Executive Secretary 
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STREAM POLLUTION IN TENNESSEE 


State of Tennessee, Stream Pollution Study Board, Nashville, Tennessee 
1943-44 
(48 pages, 28 figures) 


In 1943 the General Assembly passed a resolution authorizing the Governor to ap- 
point a Stream Pollution Study Board. In December of that year a board of seven mem- 
bers was appointed, selected to represent municipalities, industries, and the state. It was 
felt that such a board could investigate the questions of stream pollution to the interest 
of the three groups mentioned. 

Tennessee is drained by five river basins; the Cumberland, Tennessee, Mississippi, 
Green and Conasauga. The first three were divided into smaller natural drainage basins 
for purposes of study. The following table shows the population and area of each major 
basin. 

















Population 
Drainage Area in Population 
Basin Sq. Mi. per Sq. Mi. 
Rural Urban Rural 

Cumberland.......... eet 471,192 223,391 694,583 10,450 66.5 
MNSMIENIOR sco. ab ole. ae : 976,072 443,760 1,419,832 22,864 62.1 
Se rea 413,009 360,055 773,064 8,127 95.1 
CoS wy 24,054 0 24,054 400 60.1 
ROMNNIEE 8. oo ois io ne ss a 4,308 0 4,308 120 35.9 
{1 Dr a ..| 1,888,635 1,027,206 2,915,841 41,961 69.5 




















Surface waters are used for many purposes and by most of the people of the state. 
About 20 per cent of the population are dependent on such waters as a source of domestic 
water supply. As for industrial water supplies, about 80 per cent of the water used by 
industrial plants is obtained from surface supplies. The table at top of page 853 shows 
information on public and industrial water supplies in the state. 

Fishing and other recreational uses of the waters of the state are of importance. 
There are 200 lakes with an area totaling more than 500,000 acres, and some 15,000 miles 
of rivers and streams. Commercial fishing may become of importance. In 1943 it is 
reported that the commercial value of fish taken from the Wheeler, Wilson and Pickwick 
reservoirs in Alabama was in excess of $200,000. 

Production of electric power has become of great importance in Tennessee. Stream 
pollution adversely affects this industry because of damage to equipment and structures, 
and because of depositing of silt in reservoirs. 


*It will be appreciated if Miss Swope is place on the mailing lists for all periodicals, 
bulletins, special reports, ete., which might be suitable for abstracting in this Journal. Publi- 
cations of public health departments, stream pollution control agencies, research organizations 
and educational institutions are particularly desired. 
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| Cumberland | Tennessee Mississippi Green Total 
Public Water Supplies | | . 
Communities, | | 
Surface Supplies........| 22 33 I 0 56 
Ground Supplies. ...... 23 98 52 | l 174 
an eee pee ett 45 131 | 53 | 1 230 
| | 
| | 
Population, | 
Surface Supplies....... 235,322 354,380 | 1,503 | 0 591,205 
(iround Supplies... . 35,188 171,006 401,256 | 1,212 608,662 
ae | ees fistios 2 = es 
JC. 15 Rae ene eh ae ara 270,510 | 525,386 | 402,759 | 1,212 | 1,199,867 
Industrial Water Supplies | | 
Number of Plants...:..... 75 162 | 41 | 0 278 
Surface Supplies, G.P.D., | | 
From Munie. System...| 2,302,700 8,633,400 | 0 | 0 10,936,100 
From Private Supply. . .| 26,259,600 | 149,679,500 | 0 | 0 | 175,939, 100 
| | 
Ground Supplies, G.P.D., | 
From Munie. System. . .| 147,200 947,500 421,000 | 0 | 1,515,800 
From Private Supply. . .| 306,100 7,404,200 | 34,713,800 | 0 | 42,424,100 
. —] |_|“ 
BROUEREE ors cor, extort ees 29,015,600 | 166,664,700 | 35,134,800 | 0 =| 230,815,100 
| 
Note: No municipal or industrial supplies on Conasauga basin. 
River Basin 
Municipal Systems 
Cumberland Tennessee | Mississippi Total 
Number of Communities. ....... 31 77 34 141 
Population of Communities........ 250,483 476,093 396,281 1,122,856 
Population Connected. ........... 189,240 364,040 382,990 936,220 
Type of Treatment 
Communities: 
iS CL te ee ae ee 14 41 13 68 
[US nh a ee 12 33 24 69 
PIOCONGATY <o..05 recess {if 7 2 16 
Population 
No Treatment........... 153,070 285,660 339,260 777,990 
Primary Treatment....... 9,720 53,750 42,130 105,600 
Secondary Treatment... . 26,450 24,630 1,600 52,680 
Industrial Wastes 
Number of Industries............. 63 172 47 282 
Population Equivalent............ 235,040 718,350 314,430 =| 1,267,820 
Population Equivalent Discharged to | 
Sewers: | 
(LOTT TE ae fee eee ee 164,660 | 331,200 | 370,650 866,530 
LP” a a rr 232,200 | 711,180 | 311,430 1,267,820 
fo Ee eee en eee eee 396,860 | 1,042,400 682,080 2,121,340 
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Surveys of the sources of pollution skow a population within the state of 936,270 
served by sewerage systems, and an industrial population equivalent of 1,267,820. It is 
estimated that these figures are reduced by treatment to 866,530 and 1,254,810, respec- 
tively. The industrial equivalent is based on the 5-day B.O.D. determination, using a 
factor of 0.168 pounds B.O.D. per capita per day. The table at bottom of page 853 shows 
data relative to municipal sewage and industrial wastes. 

The preceding table shows 282 industrial plants in the state. These may be divided 
into 10 types of industry as shown by the table below. The list is not complete. Most 
of the plants built since 1940 and munitions plants are not included because, in general, 
data were not available. “Wastes from small local industries such as laundries, milk 
plants, and others were included as part of the municipal sewage load in the above table. 


Type of Industrial Pollution 





Estimated Population Equivalent 











| | 

Type of Industry Number of Plants SERRE 
For Plants | Per Cent 
CS ae Wen eh eed 38 | 62,870 | 5.0 
Cellulose............ Fee ial pe eae 7 554,800 | 43.8 
COSC Mas hey 28 | 34,900 | 2.8 
Se ones 27 | 149,090 11.8 
Bch fev scss. ee 62 | 29,460 2.3 

a A ree 9 | ta ; 
Paipmnd Paper... .. 6.2255. | 6 | 274,000 21.6 
eee | 34,100 2.7 
SS ee = 67 | 90,800 72 
NEIBOPUAMIODUS, ... 2... 055.52 ee | 35 | 37,800 3.0 
Co * Bae arate sen 282 | 1,267,820 100.0 





Pollution from other states received by Tennessee streams amounts to an estimated 
population equivalent of 851,380. This figure is made up of 257,490 from domestic sew- 
age and 593,890 from industrial plants. These figures represent the load as discharged 
to the streams and do not take into account the natural recovery that takes place before 
the streams enter the state. 

Estimates of the cost of providing intercepting sewers and treatment works were 
prepared. These estimates are based on the assumption that at least primary treatment 
would be provided for all communities, plus secondary treatment where stream damage 
has been shown on smaller streams. 

The need of water pollution control for surface waters in Tennessee is recognized. 
The miles of streams in a critical condition at the present time is relatively low com- 
pared to the total stream miles in the state. The mileage is great enough, however, to 


Estimated Cost of Facilities for Treating Domestic Sewage and Industrial Wastes 
in Tennessee 











Total Costs in Thousands of Dollars 

















Drainage Basin — , 
. M sipal Ind 1 
Interoapting Treatment Treatment Total 
: i Plants Plants 
Cumberland...............2 5,700 | 2,630 290 8,620 
0 Se ee ee 15,500 8,850 1,200 25,550 
RENIN) 5 4 4 ocoa'e> a 6,670 8,450 90 15,210 
Total for State......... 27,870 19,930 1,580 49,380 
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cause great economic and enjoyment loss and the pollutional load reaching the streams is 


increasing each year. 


In order to provide a convenient method of describing the surface waters of the 


state a classification based on the minimum acceptable qualities of water for various uses 


1S 


proposed. This classification does not fix the condition of the stream or indicate the 


desired quality but only describes the quality of the water that existed at the time it was 
studied or under ealeulated conditions. There are four classes proposed, as follows: 


fol 


Class I Condition——Waters suitable for publie water supplies with minimum 
treatment such as chlorination or disinfection with possibly filtration to remove 
turbidity. They are preferred for swimming and recreational sites. 

Class II Condition—Waters in this classification can be treated by normal 
filter plant operation to produce satisfactory water supplies. This is the normal 
classification of streams in the state that receive surface run-off and distant pollu- 
tion. They may be acceptable for swimming if the number of bacteria of the eoli- 
form group is low. They are suitable for healthy fish life. 

Class III Condition—Waters in this classification can be treated by advanced 
treatment methods. They are not desirable as sources of public water supply due to 
taste-producing substances and low factor of bacterial safety. They are not con- 
sidered safe for swimming and are not desirable for other recreational uses. They 
will support fish and other aquatie life but the most desirable types of fish may be 
absent. 

Class IV Condition—Waters in this classification are not suitable for public 
or industrial supplies. They are not suitable for swimming and will not support 
desirable aquatic life. 


Additional standards for waters of the first .three classifications are shown in the 
lowing table. 








Stream Conditions Class I Class II Class III 
Appearance: 
Oil, floating solids, seum or de- 
bris except from natural sources. None None Moderate, loeal- 
ized 
Colt pI ee OT ae es 20 (desirable) Amount of. color} Amount of color 
LUPDIGIUY) AAs oo 8.0 3 Fea wee and turbidity and turbidity 
which can be which can be 
removed with removed economi- 
normal equip- cally by advanced 
ment by standard | methods 
practices 
5-day B.O.D., p.p.m. 
Monthly average............. 1.0 2.0 4.0 
Maximum observation......... 2.0 4.0 6.0 
Dissolved Oxygen, p.p.m. 
Monthly average............. Above 7.0(a) 6.5 5.5 
Minimum observation......... 7.0(a) 5.0 4.0 
Coliform Group 
Monthly geometric 
Average M.P.N. per ml. 
WHAMUIING 6c dos ie ees m- _ 05 10 Not approved 
WALI RUPDLY) <5 6 %)5 5 35.00% 0.5 50 200 
Dire cestticns ori les aig Sean aa bos 6.5-8.6 6.5-8.6 5.0-9.5 














(a) Upper layers of stratified lakes and pools.” 
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The Study Board recommends legislation which will place the responsibility for 
water pollution control in a Stream Pollution Control Board. The Control Board should 
be composed of the Commissioners of the State Departments of Health, Conservation, 
and Agriculture, and two appointive members to represent municipalities and industry. 
The administration of the program should be centralized in the State Department of 
Public Health. The Board should have the following powers: 


1. Power to define what constitutes pollution, with the definition based on the con- 
sideration of all phases of water use. 

2. Power to promulgate rules and regulations to interpret and facilitate its author- 
ized powers and functions. 

3. Authority to investigate pollution and to issue orders against those causing pol- 

lution, requiring abatement of pollution. 

Power to seek injunctions when necessary to protect the public interest. 


as 


~ 


Power to review plans of new waste systems and treatment works prior to eon- 
struction and to require suitable treatment. 

Control over the maintenance and operation of waste treatment works. 

Power to order the construction of sewage and waste treatment works. 


= 


NI 


Note: The report contains a copy of the Bill proposed to authorize the proposed 
stream pollution program, and a general plan of the program. 
T. L. Herrick 





SOME EXPERIENCES WITH RISING SLUDGE IN HUMUS 
TANKS 


3y L. F. MountTForT 


The Surveyor, 104, 65-66 (February 2, 1945) 


The phenomenon of rising sludge has heen observed at the East Middlesex Main 
Drainage Works for several years and various methods have been tried for ridding the 
surface of the final settling tanks of the sludge blanket. 

The sewage dealt with receives the effluent from the sulfate of ammonia plant of a 
gas company which discharges about 60,000 gallons per day of waste or nearly one per 
cent of the total sewage flow. 

Sewage at the works is treated in sedimentation tanks, percolating filters and humus 
tanks following the filters. The filters are six feet deep and are filled with broken 
flint gravel in the lower three feet of depth with three feet of metallurgical coke on top of 
the gravel. All medium is graded three inch to one inch. Sewage is applied to the 
filters by self-propelled rectangular travelling distributors. 

The humus tanks have a water depth of 26 feet and the ratio of normal flow to tank 
surface area is about 8, the units being square feet and hours. 

Sludge can accumulate to a depth of 4 to 5 inches on the surface of the humus 
tanks. 

In the absence of gas effluent the amount of nitrie nitrogen in the final effluent 
ranges from 30 to 40 p.p.m. When gas effluent is being treated, the final effluent may 
contain from 50 to 60 p.p.m. of nitrie nitrogen. The amount of nitrous nitrogen does 
not vary much and is usually not more than 0.5 p.p.m. The effluent from the filters 
and the final effluent from the humus tanks usually are about 60 per cent saturated with 
dissolved oxygen. 

There appears to be a direct and immediate relation between the presence of gas 
effluent and the occurrence of rising sludge. On every occasion where there has been a 
cessation of gas effluent discharge, the tank surface has remained reasonably free from 
sludge during the whole period, but within 24 hours of the arrival of gas effluent, the 
whole surface of the tank is covered with a blanket of sludge. 
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The humus tanks are of the hopper bottom type and are not equipped with sludge 
withdrawal mechanisms. Experiments were conducted to determine the rate at which 
sludge should be drawn from the desludging pipes. It was found that if 5 per cent of 
the tank flow was withdrawn through the desludging pipes, there would be no accumu- 
lation of sludge on the tank surface. This was a large quantity of sludge and it was 
found necessary to provide sludge concentrating tanks for separating the excess water 
from the sludge. 


K. V. Hitt 





EFFECT OF SPENT GAS LIQUOR ON COLD SLUDGE 
DIGESTION 


By A. ScIvER AND E. H. M. BADGER 


Gas Journal (London), 242, 520-521 (Oct. 27, 1943) 


The Ascot District Gas and Electric Co. petitioned the Windsgr District Council for 
permission to discharge spent gas liquor into the sanitary sewerage. The Windsor sew- 
age treatment works is equipped with cold digesters designed for a population of 9,000 
but during the war the District population increased to 13-14,000 and the permission was 
refused. Upon appeal to the Ministry of Health, however, the petition was granted 
under the following stipulations: 


1. Volume discharged in any day of 24 hours not to exceed 2,200 gal. 

2. Volume discharged in any hour from 6 A.M. to 10 P.M. not to exceed 120 gal., and in 
any hour from 10 P.M. to 6 A.M., 60 gal. ; 

3. The composition of the gas liquor as determined at the point of measurement must 


meet the following conditions: 


(w) Oxygen absorbed from N/80 acid KMnO, in 4 hrs. at 26.7° C. shall not exceed 
12,000 parts per million by weight. 
()) Free ammonia (as NH;) determined by simple boiling without addition of alkali, 
and distilled into standard acid, shall not exceed 400 parts per million. 
(c) Sulfide (as S) shall not exceed 100 p.p.m. 
(7) Suspended solids shall not exceed 60 p.p.m. 
(e) The pH shall not be less than 6 nor more than 10. 
(f) Tar and other oils not dissolved by the aqueous liquor shall not exceed 60 p.p.m. 
|. Temperature of liquor at point of discharge shall not exceed 110° F. 
5. Ascot District Gas and Electrie Co. shall pay the District Council 25 s. 6 d. ($5.10) 
per 1,000 gal. of liquor discharged to the sewerage. 


The sewage of the community is pumped 444 miles to the treatment works and ar- 
rives there in a septie condition, and this was one of the reasons for refusing the admis- 
sion of the gas liquor in the first place, but, after operation with the liquor for about a 
year the following conclusions were drawn: 


“Owing to the fact that gas evolution from the sludge digestion tanks could not be 
measured for an extended period when no gas liquor was being admitted to the sewers, 
it is not possible to draw any rigid conclusions as to the danger or otherwise of this ad- 
mission to sludge digestion. It seems evident, however, that in this case, while the flow 
of gas liquor was being properly controlled, no adverse effect on cold sludge digestion 
was produced. 

“With this particular unheated sludge, alkalinity of the digestion process was never 
attained, even when the capacity of the digesters was increased by 50 per cent over their 
designed capacity.” 

Ricwarp D. Hoax 
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USE OF SEWAGE FOR AGRICULTURAL PURPOSES 


A Directive Issued by the Inspector-General for Water and Energy (Germany), 1942 


Kleine-Mitteilungen, 18, 229-230 (1942) 


The use of settled sewage for agricultural purposes was widely urged in Germany 
during the early years of the war. The method used was spraying the sewage into the 
air for distribution (artificial rain). The Inspector-General for Water and Energy 
issued a series of directives pertaining to sewer construction, sewage treatment plant 
operation, saving of materials and labor, ete. The directive concerning the use of do- 
mestie sewage for agricultural purposes contains a number of precautions which may he 
of more general interest. The directive was based upon investigations and could be 
changed by the Inspector-General when indicated by further studies. The directive, 
ordered printed in Kleine Mitteilungen, 18, 229-230, 1942, was substantially as follows: 


I. (a) City sewage must be treated by screens, grit chamber and settling tanks with 
sufficient detention time. The sludge must be properly treated by digestion, dewatering, 
composting or by similar methods. The treated sludge can be used for agricultural 
purposes. 

(b) For enlargement of treatment works sufficient area must be made available. 

II. The sewage must be delivered as fresh as possible, to prevent loss of fertilizer 
value and odors; for small and medium size cities this is always possible, provided no 
putrefaction is allowed to take place in the sewers. The sewers should be tested to de- 
termine whether putrefaction of sewage takes place and the city authorities notified to 
take the necessary measures to prevent putrefaction as much as possible. To prevent 
odor, proper methods must be used, such as aeration, chlorine addition, maintenance of 
sufficient velocity, ete. 

III. Main distribution lines should be enclosed in underground lines; open laterals 
should be constructed of concrete. 

IV. Pollution of ground water and streams should be prevented. 

V. Plants, roads, highways, railroads, ete., must under no circumstances be troubled 
with odors; fruit and vegetable gardens should not be touched by sewage sprays. There- 
fore, between the above named structures, ete., and the sewage plants a sufficiently wide 
protection strip must be constructed. During strong winds no spraying with sewage 
should be practiced. 

VI. No artificial rain system can be used in the neighborhood of water works; if 
close together, report and obtain advice. 

VII. Flooding practice shall be in co-operation with the Food Administration 
Service; the last flooding must be completed one week before harvest. 

VIII. Potatoes must not be flooded after blooming. Land for vegetables receive 
sewage only on base soil. During growth, irrigation must be with fresh water. 

IX. Sewage and sludge which may contain anthrax spores (tanneries or hair spin- 
ning) must not be discharged into municipal sewage used for agricultural purposes. 

WitLemM RupoLrs 





ROLE OF PROTOZOA IN THE AEROBIC PURIFICATION 
OF SEWAGE 


By S. C. PILLAI AND V, SUBRAHMANYAN 
Nature, 154, 179-180 (August 5, 1944) 
The protozoan Epistylis sp. was isolated from the mucilaginous masses adhering to 


the aeration tanks by repeatedly centrifuging and washing. It was inoculated into 
sterilized decoction of fecal matter and aerated. After the sludge was built up, a careful 
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selection of cells was made. This operation was repeated a number of times until the 
associated bacteria were eliminated and the medium consisted exclusively of protozoa. 
They were at least as active in purifying sewage as the normal activated sludge. Con- 
ditions affecting the life and activity of the protozoa also affect the efficiency of purifica- 
tion. When protozoa are killed or inactivated by heating (50° C.), partial sterilization 
(methylene blue and acridine yellow) chronomous larvae and fermenting yeasts, sludge 
formation and clarification is nil. Wherever purification is proceeding satisfactorily, 
protozoa are active. If the protozoa are dead or encysted there is no purification. It 
is concluded that aerobic purification of sewage is essentially due to the protozoan ac- 
tivity. Bacteria play only a secondary part. 
H. HevukELEKIAN 





SEWAGE BACTERIA BED FAUNA IN ITS NATURAL 
SETTING 


By Lu. Lioyp 


Nature, 154, 397 (September 23, 1944) 


Bacteria beds are a very favorable environment for insects. It is well aerated and 
supplied with food. It is protected from temperature extremes. The insect fauna is char- 
acterized by a small number of successful species which are found in great numbers. In 
eight years of trapping on the Knostrop beds at Leeds, out of one hundred different 
species 99.7 per cent belonged to six species, namely, Metriocnemus longitarsus, M. hir- 
ticolis, Spaniotoma minima, S. peremis, Psychoda alternata and P. severnii. The en- 
chytraeid worm, humbricillus lineatus, is also very abundant in the Knostrop beds. 
Achorutes viaticus and Spathiophora hydromyzena are the only other insects recorded as 
prevalent. A similar fauna was located in a mud flat which is waterlogged but rarely 
flooded. 

H. HeEUKELEKIAN 





HISTORY OF STREAM POLLUTION IN INDIANA 


By THURMAN B. RIcE 
Monthly Bulletin, Indiana State Board of Health, 47, 9 (Sept., 1943) 
A review of stream pollution problems, legislation and abatement progress in 


Indiana. 


Pau D. Hanty 





DUTIES OF THE NEW STREAM POLLUTION CONTROL 
BOARD 


By THURMAN B. RICE 


Monthly Bulletin, Indiana State Board of Health, 47, 202-203 (Sept., 1943) 


The bipartisan control board was authorized by legislative action in 1943 and will 
begin the study of pollution problems with a view toward working out plans for stream 
pollution abatement in the postwar period. 

Pau D. Haney 
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CLEAR WATER AHEAD 


By JosepH L. QUINN, JR. 


Monthly Bulletin, Indiana State Board of Health, 47, 204 (Sept., 1943) 


Planning for stream pollution abatement in the postwar period should be undertaken 
now and should be carried to the point of having complete plans and specifications pre- 
pared. 

Pau D. Haney 





PROGRESS OF SEWAGE TREATMENT AND STREAM 
POLLUTION ABATEMENT 


By MaArtTIN A. MILLING 


Monthly Bulletin, Indiana State Board of Health, 47, 205 (Sept., 1943) 


The first sewage treatment plants in Indiana were built in 1903. These were septic 
tanks and are still in use. By 1920 there were only eight plants, but in 1943 there were 
126 sewage and industrial waste treatment plants. The 81 municipal plants cost 
$17,000,000. The cost of treatment plants (interceptors not included) has averaged $15 
per capita. Operating costs have averaged about $0.80 per capita per year. The aver- 
age operating cost per million gallons for cities under 30,000 has been about $25. At 
several of the larger plants the cost is $10 per million gallons. 

PauL D. HANEY 


STREAM POLLUTION 


By G. G, FASSNACHT 


Monthly Bulletin, Indiana State Board of Health, 47, 206 (Sept., 1943) 


Stream pollution is caused by human and industrial wastes. The amount of pollu- 
tion permissible in a stream depends upon the size of the stream and the use to which if 
is put. The amount of pollution contributed by a given waste depends upon the strength 
of the waste and its volume. Streams may be grossly polluted without being loaded with 
typhoid germs, afid conversely streams which appear clear, bright and sparkling may 
contain pathogenic organisms. 

Pau D. Haney 





A CHALLENGE—THE ABATEMENT OF STREAM POLLUTION 


By JosepH L. QUINN, JR. 


Monthly Bulletin, Indiana State Board of Health, 47, 114-117 (May, 1944) 


A stream pollution control board was established by an act of the Indiana legislature 
in 1943 and the citizens of the state are becoming more stream pollution conscious. 
Stream pollution abatement has the active support of numerous organizations throughout 
the state. Stream pollution problems in Indiana involve damage to water supplies, 
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animal and aquatic life and the loss of recreational values. The proble: .s are varied in 
scope and in the requirements of treatment. 

About 1,127,640 people or 59.7. per cent of Indiana’s urban population are being 
served by sewage treatment plants at present. It is estimated that 81 Indiana munici- 
palities have spent approximately $17,000,000 for sewage treatment alone and will spend 
$28,000,000 more. At the present time approvals have been issued by the Indiana State 
Board of Health and the Stream Pollution Control Board on 18 completed and 19 pre- 
liminary sets of plans and specifications for municipal sewage treatment plants. In 
addition four engineering reports have been accepted. Efforts are concentrated on each 
drainage basin as a unit. The Control Board has formulated and adopted a set of 
minimum standards for the determination of what qualities and properties of water shall 
constitute a polluted condition. Its philosophy is based upon the consideration that 
there is a fair economic balance between the cost of treatment and the benefits received be- 
yond which it is not reasonable to expend money for treatment. 

A map of the state shows sources of pollution and degree of treatment. 

Pau D. Hanry 





REPORT OF STREAM POLLUTION IN THE ST. JOSEPH 
RIVER BASIN 


By Ropert W. HEIDER 


Monthly Bulletin, Indiana State Board of Health, 47, 136-137 (May, 1944) 


The St. Joseph River’s headwaters are in Southern Michigan and it flows southwest- 
erly through Indiana and then back through Michigan, finally discharging into Lake 
Michigan. ° 

There are 31 municipalities in the Indiana portion of the basin and their population 
is 204,146. There are four municipal sewage treatment plants which treat the sewage 
from only about 10 per cent of the population. Industrial wastes are contributed by the 
milk, meat, brewery, metal, pulp, paper, rubber, textile and canning industries. 

Ground water supplies are abundant in the basin and there are no surface water 
supplies. The availability of ground water probably is one reason why so little has been 
done to abate the pollution of this river. 

Pauu D. Haney 





STREAM POLLUTION FROM THE STANDPOINT OF FISH LIFE 


By HueH A. BARNHARDT 


Monthly Bulletin, Indiana State Board of Health, 47, 131, 142 (June, 1944) 


Sewage is harmful to fish life when it is first introduced into a stream and for some 
distance downstream because of oxygen depletion. On the White River this harmful 
effect was noted for forty miles below the source of pollution. Below this point miero- 
scopic plant and animal growth became abnormally abundant and persisted at a high 
level for 60 or 70 miles. The growth of microscopic organisms, which serve as fish food, 
was stimulated by the sewage. To this extent the sewage was beneficial to fish life. 
However, the limited beneficial effect should not be permitted to overshadow the harmful 
effect and sound conservation practice should be directed toward the elimination of the 
discharge of untreated sewage into streams. 

Pau D, Haney 
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EFFECT OF POLLUTION ON WATER TREATMENT 


By C. K. CALVERT 


Monthly Bulletin, Indiana State Board of Health, 47, 155, 161 (July, 1944) 


The pollution of surface water consists mainly of industrial waste and domestic 
sewage, and if the water supply intake is located on a stream near the point of contami- 
nation, grave interference is experienced in the process of water purification. Water 
containing an undue amount of organic matter is very difficult to coagulate and has a 
high chlorine demand. Industrial wastes containing iron, manganese and_ hardness 
producing compounds add to the difficulty of water treatment. Pollution may also stim- 
ulate the growth of microscopic organisms which produce offensive tastes and odors 
difficult to remove at the water treatment plant. 

All pollution, whether from trade waste or domestic sewage, interferes with water 
purification methods in direct proportion to its extent. 

Pau D. Haney 





THE EFFECT OF STREAM POLLUTION ON AGRICULTURAL 
PURSUITS 


By CHARLES M. DAWSON 


Monthly Bulletin, Indiana State Board of Health, 47, 185 (August, 1944) 


The greatest source of stream pollution in Indiana is industrial wastes. Manufac- 
turing plants, mines, etc., have contributed to stream pollution, some unconsciously, 
others as a matter of convenience and economy. Business as a whole cannot be indicted 
because successful business operation is as necessary to the economy and progress of the 
state as are fish in the streams to the conservationist and the grazing cattle to the farmer. 
Any solution to the problem of stream pollution must be as fair to business as it is to the 
farmer and the conservationist. There must be a common meeting ground. Co-operation 
of all interests concerned is the key to successful stream pollution abatement. 

Pau D. Haney 





STREAM POLLUTION IN THE LOWER WABASH RIVER BASIN 


By Ropert W. HEIDER 


Monthly Bulletin, Indiana State Board of Health, 47, 186-187 (August, 1944) 


This basin extends southward from Clinton along Indiana’s west boundary to the 
Patoka River basin and includes the White River drainage area below the confluence of 
that river’s East and West Forks. There are 32 cities and towns in the Indiana portion 
of the basin with populations over 300. The total population of these communities was 
117,525 in 1940. Only two cities having a total population of 5,600 provide sewage 
treatment. Pulp, paper, meat, milk, distillery, brewery, creosote, coke, canning, and 
mining industries contribute to the pollution problem. 

Seventy-two per cent of the population in this basin is served by surface water sup- 
plies. Sewage and industrial waste treatment at Terre Haute is of prime importance 
because wastes from this city enter the stream above the Vincennes water supply intake. 

Pau. D. Haney 
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STREAM POLLUTION AND PROPOSED SOLUTIONS TO IT 


By RICHARD LIEBER 
Monthly Bulletin, Indiana State Board of Health, 47, 209 (September, 1944) 


Stream pollution abatement cannot be attained by passing laws or ordinances. To 
solve the problem in a fair and sensible way, a properly organized stream hygiene 
bureau should be created which could devote its efforts to scientific study of ways and 
means of locating and removing the sources of pollution. 

Pau D. Haney 





STREAM POLLUTION IN THE KANKAKEE RIVER BASIN 


By Rosert W. HEIDER 
Monthly Bulletin, Indiana State Board of Health, 47, 210-211 (September, 1944) 


The headwaters of the Kankakee River are located in St. Joseph County, Indiana. 
The river flows southwesterly and ultimately joins the Des Plaines River in Illinois. The 
total population of the 37 cities and towns in the Indiana portion of the basin is 52,798 
and only one municipality (pop. 14,000) provides sewage treatment. There are no 
public water supplies taken from the river in Indiana. Pollution by industrial wastes 
is not extensive. Milk plants are the major contributors. The Indiana State Board of 
Health and the Stream Pollution Control Board strongly recommend that plans for 
treatment facilities be prepared now so that construction work can start as soon as labor 
and materials are available. 

Pauu D. HANEy 





LICENSING WATER AND SEWAGE PLANT OPERATORS 


By RaAupH B. WILEY 
Monthly Bulletin, Indiana State Board of Health, 47, 248 (October, 1944) 


A suitable licensing law should provide for the appointment of a competent board 
composed of men of recognized experience in the field and free from political domina- 
tion. The licensing board should have the power to classify the water supplies and sew- 
age treatment plants of the State on the basis of the qualifications necessary in the 
responsible operating personnel of each plant, to examine applicants, to issue licenses, 
to publish lists of qualified personnel, to foree compliance with the law, to formulate 
rules for rating each plant, and to revoke licenses when necessary. The board should 
not have the power to dictate to municipal officials as to the appointment of particular 
operators. Operators should be chosen from a published list of licensees. It would not 
be necessary to license all employees. Only those in responsible charge need be li- 
censed. Such a law would protect the public, municipal officials, and competent plant 
operators. 

Pau D. HANey 





STREAM POLLUTION IN THE EAST FORK WHITE RIVER 
BASIN 


By Ropert W. HEIDER 


Monthly Bulletin, Indiana State Board of Health, 47, 243-244 (October, 1944) 


The East Fork White River Basin is located in the southern half of Indiana and has 
an area of about 4,460 square miles. The total population of the 54 cities in the basin 
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is 144,915. Sewage treatment plants at eight cities serve a total population of 44,700 
or about 31 per cent of the population. The milk, metal, paper, pulp, meat, tannery, 


textile, creosote, and canning industries contribute industrial wastes. Public surface 


water supplies serve a total population of 63,530 and stream pollution creates important 
water treatment problems. Sewage and industrial treatment facilities should be planned 
now so that construction work can be undertaken as soon as possible. 

: Paut D. Haney 





THE HISTORY AND LEGAL BACKGROUND OF STREAM 
POLLUTION CONTROL IN INDIANA 


By Rosert HOLLOWELL, JR. 


Monthly Bulletin, Indiana State Board of Health, 48, 280 (December, 1944) 


Pollution control has been influenced by the social and economic conditions of the 
times. The results of a number of court decisions have been contradictory, but may be 
reconciled upon the broad proposition that the court at the time was seeking what it 
thought was the best for the general welfare. In the latter part of the last century 
the general welfare required a city to have a sewage system and at that time it was a 
matter of necessity that it be discharged into a stream. With the development of sew- 
age treatment processes, which are scientifically sound and economically possible, the 
rule of necessity disappears. Therefore, a case with similar facts at the present time can 
consistently be determined in favor of pollution abatement by the application of the same 
rules of law. 

A number of court decisions are cited. 

Pauu D. Haney 





STREAM POLLUTION IN THE UPPER WABASH RIVER BASIN 


By RoBert W. HEIDER 


Monthly Bulletin, Indiana State Board of Health, 48, 285 (December, 1944) 

The upper Wabash River Basin has an area of about 10,000 square miles. There 
are 154 cities in the basin with populations over 300. The total population of the 154 
cities is 335,092. Sewage treatment plants provide complete treatment at twelve cities 
having a combined population of 116,950. Primary treatment only is provided at two 
cities having a total population of 3,500. Thirty-seven cities over 1,000 population do 
not provide municipal sewage treatment. 

Surface water supplies serve a total population of 29,834. 

Milk, meat, metal, pulp, paper, brewery, textile, canning, explosives, and mining in- 
dustries contribute industrial wastes to the streams in the basin. 

The Indiana State Board of Health and the Stream Pollution Control Board urge 
that plans for pollution abatement be made now so that the construction phase of the 
abatement program will not be delayed when labor and materials are again available. 

Paut D. Haney 








